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ABSTRACT 
The movement and fate of phosphorus inputs from 
resident i a 1 stormwater runoff were investigated in a 1. 0 
hectare hardwood wetland near Sanford, Florida. This 
wetland receives stormwater runoff from a large 
residential conmunity through a small shallow canal and 
provides treatment prior to discharge to Hidden Lake. 
Field investigations were begun in 1984 and were divided 
into the following tasks: (1) assessment of the quantity 
of nutrients and heavy metals entering the wetland by way 
of stormwater ,runoff, (2) measurement of the attenuation 
of these pollutants during travel through the wetland, 
(3) monitoring of the concentrations of nutrients and 
heavy metals in groundwaters, (4) accumulation of 
nutrients and heavy metals in the sediments of the 
wetland, (5) examination of the typical chemical 
associations binding nutrients and heavy metals to the 
sediments using sequential extraction procedures, and 
(6) investigation of the importance of redox potential 
and pH on metal-sediment stability with regard to the 
release of phosphorus from wetland sediments. 
After entering the wetland treatment 
stormwater inputs were observed to exhibit 
system, 
general 
reductions in pH, specific conductivity, dissolved oxygen, ORP 
and alkalinity with increasing flow · distance. 
Concentrations of both dissolved orthophosphorus and 
total phosphorus increased during flow through the 
wetland system and were found to be closely correlated to 
decreases in pH and ORP. A stagnant con.trol area, 
removed from runoff influence was found to exhibit 
elevated concentrations of phosphorus when compared to 
the flowpath area. Water quality characteristics in 
groundwaters beneath the flowpath were very similar to 
surface water characteristics, with dissolved oxygen and 
ORP levels decreasing with depth, whereas phosphorus 
concentrations increased. Groundwaters in the stagnant 
control area exhibited significantly elevated 
concentrations of phosphorus, TOC, color, and iron when 
compared to groundwaters in other locations. 
Patterns of accumulation and deposition of sediment 
bound phosphorus along the wetland flowpath were 
investigated and found to increase substantially from the 
inlet canal to a distance of · 50 m after which they 
declined slightly throughout the remainder of the wetland 
flowpath. Also apparent was the attenuation of sediment 
phosphorus concentrations with increasing sediment depth, 
with the majority of the phosphorus being retained in the 
top 10 cm. 
The removal pot€ntial for dissolved orthophosphorus 
in wetland systems was found to be greatest in flow-
through systems with sediment contact based on kinetic 
rate experiments performed at the study site. The 
majority of the dissolved orthophosphorus removal, 75 
percent was found to occur within the first 24 hours of 
contact with the wetland sediments after which only 
slight decreases in concentration occurred. Stagnant 
systems as well as systems with less sediment contact 
were not effective in providing attenuation of dissolved 
orthophosphorus concentrations as well as other water 
quality parameters. 
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CHAPTER 1 
INTRODUCTION 
Cultural eutrophication is often associated with an 
excess of phosphorus, an essential nutrient for the 
productivity of natural water~. Over-fertilization of 
waters with phosphorus from point and non-point sources 
can result in excessive or undesirable forms of aquatic 
growth. This growth can be aesthetically objectionable, 
cause depletion of dissolved oxygen from surface waters 
as a result of respiration or decomposition, and in 
extreme cases can interfere with the recreational use of 
water systems as well as create odors and heavy mats of 
floating material at shorelines. Attempts at reducing 
phosphorus loadings are often necessary to control lake 
and stream pollution. 
Over the past decade major pieces of legislation, 
such as the Federal Water Pollution Control Act 
Amendments of 1972 (PL 92-500} and the Clean Water Act 
Amendments of 1977 (PL 95-217}' have been passed to 
control point source discharges of water pollutants. 
Recently, it has become apparent that non-point source 
discharges of po 11 utan ts primarily in the form of 
stormwater runoff, can contribute significantly to 
2 
pollutant loadings in receiving water bodies. As a 
result, efforts have been undertaken in the State of 
Florida to control non-point sources of pollution, 
particularly those associated with stormwater runoff. 
Non-point sources of pollution have been found to 
contribute significantly to receiving water loadings of 
nutrients and heavy metals (Wanielista 1982). 
The primary objectives of stormwater management are 
to minimize hazards, and damage resulting from the 
accumulation of stormwater runoff. The convent ion al 
approach has been to provide a system of channels and 
pipes to remove excess rainfall as quickly and 
efficiently as possible. Yet, due to hydrologic impacts 
and non-point source water quality concerns, traditional 
drainage practices have been subject to serious 
re-evaluation (Jones 1971). 
As a means of protecting surface waters from further 
deterioration, several states have established 
regulations which require new developments to treat 
stormwater runoff before discharge · from the property. In 
most cases, this treatment involves retention or 
detention of specified amounts of runoff volume in 
shallow ponds. Recently, a major interest has risen in 
the application of natural treatment systems, such as 
wetlands, for assimilation of stormwater pollutants in 
3 
order to minimize the loss of valuable land in meeting 
these regulations. 
Although numerous studies have been conducted on the 
treatment efficiency of controlled inputs of secondary 
effluent in wetland systems, with a high degree of 
varying results, few detailed studies have been conducted 
on the feasibility of wetland systems in treating 
sporadic inputs of stormwater runoff in spite of the fact 
that numerous wetland areas are currently being used for 
this purpose. If natural systems such as isolated 
wetlands and bayheads could be effectively utilized in 
assimilating stormwater pollutants, then developers would 
have an incentive to preserve and incorporate them into 
their stormwater management systems. As a result, 
wetland areas may come to be viewed as valuable resources 
to developers rather than wasted land. 
The purpose of this research was to investigate the 
fate and movement of runoff-related inputs of phosphorus 
and phosphorus-related heavy metals in a hardwood wetland 
north of Orlando, Florida. The ·major objective was to 
determine the extent to which forms of phosphorus, input 
by stormwater, are transformed in the water phase during 
migration through the wetland. To accomplish this the 
following tasks were undertaken: 
4 
.1. Investigate the horizontal and vertical migration of 
phosphorus and heavy metals in the groundwaters and 
sediments of the wetland. 
2. Determine the fractions of phosphorus and heavy metals 
in the sediments which can be solubilized by various 
extraction procedures. 
3. Determine the influence of pH and redox potential on 
the chemistry and stability of phosphorus-related 
heavy metals in the sediments. 
4. Examine changes in · productivity during wetland flow 
through a series of algal bioassay experiments. 
CHAPTER 2 
LITERATURE REVIEW 
Introduction 
Recent legislation, in particular Section 404, 
PL 92-500 (as amended) and President Carter's May 24, 
1977 Executive Order on wetlands have focused national 
attention on the importance of wetland areas to society 
and have articulated a national pol icy concerning their 
use and importance. In Florida, state statutes conmonly 
refer to wetlands as "surface water," thereby 
administering authority to various agencies. The Land 
Conservation Action of 1972 (Chapter 259) and the Florida 
Environmental Land and Water Management Act of 1972 
(Chapter 380) established land and water management 
policies and authority to guide and coordinate local 
decisions relating to growth and development in order to 
conserve and protect the state's natural resources, water 
quality, and environmentally endangered lands. 
With concern to environmental control, the Florida 
legislature enacted Chapter 403 to the Florida Statutes, 
declaring "the public policy of the state is to 
conserve, protect, maintain, and improve the qua 1 i ty of 
public water supplies, for the propagation of wildlife 
5 
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and other aquatic life, and 
industrial, recreational, and 
also prohibits the discharge 
without treatment necessary 
uses of the waters". 
for domestic, agri cul tura 1 , 
other beneficial uses. It 
of waste into Florida waters 
to protect those beneficial 
Classification of Wetlands 
Wetlands are often described as transitional 
ecosystems located between more readily recognized 
terrestr i a 1 and aquatic ecosystems. Within the 1 ast 
century, various definitions of wetlands have proven 
acceptable at various times with no precedence set for a 
standardized definition. In President Carter's Executive 
Order on the Protection of Wetlands (1977), wetlands are 
defined as "those areas that are inundated by surface or 
ground water with a frequency sufficient to support, and 
under normal circumstances does or would support, a 
prevalence of vegetative or aquatic life that requires 
saturated or seasonally saturated soil conditions for 
growth and reproduction. Wetlands generally include 
swamps, marshes, bogs and similar areas such as sloughs, 
potholes, wet meadows, river overflows, mud flats and 
natural ponds". Whereas, Cowardin et al., (1977), 
defines wetlands as "land where the water table is at, 
near, or above the surface long enough each year to 
7 
promote the formation of hydric soils and to support the 
growth of hydrophytes". 
Several wetland classification schemes are presently 
being used by different agencies of government and 
individuals. Many are very broad and are designed for 
the purpose of classifying all types of wetlands within 
the continental United States and thus have 1 ittle 
specific value when applied to a local area. Many are 
des i g n e d to c 1 ass i f y wet 1 ands us i n g on 1 y a sing 1 e 
parameter, such as hydroperiod, and are thus insufficient 
when many different vegetative communities having the 
same hydroperiod are classified (University of Florida 
Center for Wetlands 1983). 
The Center for Wetlands at the University of 
Florida has developed a classification scheme based upon 
dominant species, hydroperiod, soils, and water regime. 
According to this method, the following wetland types 
exist in the State of Florida: (1) Hydric HafTITlock, (2) 
Mixed Hardwood Swamp, (3) Cypress Dome, (4) Bayhead, 
(5) Wet Prairie, (6) Shallow Marsh,. and (7) Deep Marsh. 
Data for se 1 ec ted parameters of importance, inc 1 ud i ng 
evapotranspi rat ion, hydroperiod, water level, recharge 
potential, peat depth, and primary production associated 
w i th each wet 1 and type a re g i v en in Tab 1 e 2-1. These 
phy s i ca 1 ch a r act er i st i cs a 11 ow for the comp a r i son of one 
TABLE 2-1 
CHARACTERISTICS OF SELECTED WETLAND TYPES 
HYDRIC MIXED CYPRESS WET SHALLOW DEEP HARDWOOD BAYHEAD HAMMOCK SWAMP DOME PRAIRIE MARSH MARSH 
Water Quality Enhancement, 
% Removal 
Phosphorus 40 90 98 85 40 98 30 
Nitrogen 40 98 92 85 60 97 30 
Evapotranspiration (mm/day} 4.0 5.8 3.8 3.0 5.4 5.6 5.6 
Hydroperiod (days) 100-150 200-250 250-300 200-250 150-200 365 365 co 
High Water (m) 0.10 0.60 0.50 0.30 0.50 0.70 1.00 
Low Water (m) 0 0 0 0 0 0 0.20 
Maximum Level (m) 0.30 1. 50 1. 50 1.00 1.50 2.00 2.00 
Re3ha2ge Potential 0.1 0.1 0.84 0.6 0.37 0.68 0.1 (m /m /yr) 
Peat Depth (m) 0-0.2 0-0.5 0-0.5 0.5-3.0 0-1. 5 0.5-3.0 . 0-1.0 
Gross Primary Produ~tivity (g organic matter/m /day) 
during growing season 60 52.1 25.3 20.0 23.9 19.6 54.5 
SOURCE: University of Florida Center for Wetlands (1983) 
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wetland with the others and for comparison of individual 
functional characteristics between wetland corrrnunities. 
Importance of Phosphorus 
Phosphorus plays an important role in the 1 ife 
cycles of the inhabitants of the earth. It is present 
mainly as a component of nucleic acids, DNA and RNA, 
nucleotides, phosphates, phospholipids, and numerous 
phosphorylated compounds. Compounds cont~ining 
phosphorus play major roles in nearly all phases of 
metabolism, particularly in the energy transformat.ion 
reactions involving the enzymes adenosine diphosphate 
(ADP) and adenosine triphosphate (ATP), as well as the 
phosphorylation reactions of photosynthesis. Phosphorus 
is often the single nutrient which limits aquatic 
productivity due to its biological demand and usually low 
concentration in the environment (Sch ind 1 er 1978; Di 11 on 
and Ringler 1974). 
The total phosphorus content in surface waters can 
be divided into a soluble phosphorus fraction and a 
suspended insoluble phosphorus fraction. The soluble 
phosphorus is composed of soluble inorganic phosphate 
(orthophosphorus), hydrolyzable polyphosphates, and 
organic phosphorus. Lung et al. (1976) concluded from 
a survey of phosphorus containing compounds in natural 
10 
waters that the inorganic soluble 
cornnonly known as orthophosphates, PO, 
significant due to their very reactive 
great biological demand. 
phosphates, more 
were the most 4 
nature and their 
Suspended insoluble phosphorus includes insoluble 
inorganic phosphorus compounds, sorbed or fixed 
phosphorus, and phosphorus tied-up in micro biota. 
Hutchinson (1957) studied the phosphorus content of 
various surface waters and found that those containing 
between 0.01 and 0.03 mg/L phosphorus were relatively 
uncontaminated with respect to algae and plants, with 
larger values indicating an increased potential for 
undesirable .algal and aquatic plant growth. Miller et 
al. (1974) used algal bioassays to investigate the 
effect of nutrients on surface water quality in 49 
American lakes and found phosphorus to be the limiting 
nutrient in 35 of 49 bioassays performed. 
General Phosphorus Cycle 
The primary phosphorus cycle is a 
sedimentary cycle which is composed of 
Initially, phosphorus is leached from 
weathering and is ultimately transported 
mechanisms to rivers and eventually the 
second phase involves removal of phosphate 
slow moving 
three phases. 
the 1 and by 
by various 
ocean. The 
in the marine 
water column 
apatites, to 
uplifting of 
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through prec i pi tat ion with ca 1 c i um, as 
the underlying sediments. A geological 
the marine sediments ultimately occurs, 
creating new land, and again phosphorus compounds are 
exposed to weathering and the cycle repeats itself. 
Secondary cycles involve the movement of phosphorus 
through the life cycles of the land and water. Plants 
and aquatic organisms uptake orthophosphorus from the 
environment through many mechanisms, particularly 
sorption, and eventually release it back. At death and 
during decomposition, most of the phosphorus is in the 
organic form and must undergo bacterial degradation 
before it is again available as orthophosphorus (Wetzel 
1975). The secondary cycles are 1 inked by rivers which 
transport soluble phosphates from the land and thereby 
replenish the phosphates of lakes and eventually the 
oceans, from which phosphate is continually lost through 
sedimentation. A schematic representation of the genera 1 
phosphorus cycle is presented in Figure 2-1. 
Phosphorus Cycling in Wetlands 
Physical and chemical removal 
phosphorus in wetlands include: (1) 
particulate matter; (2) precipitation 
onto sol id surfaces (Spangler et al. 1976); 
mechanisms for 
sedimentation of 
and/or sorption 
(3) assimilation 
Figure 2-1. 
12 
. INDUSTllAL PIOCISSING 
Schematic representation of the general phosphorus 
cycle (Campbell 1977). 
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by plants and algae (Kitchens et al. 1975}; (4) 
chelation; and (5) decomposition. Phosphorus can also 
be removed from the wetland surface water column by 
adsorption onto sediments. This type of removal is 
dependent upon the type of soils present, soil 
concentrations of Fe, Al and Ca, hydrologic conditions, 
pH, and redox potential. Under favorable conditions, 
high pH and dissolved oxygen, removal of phosphorus can 
be significant (Stumm and Morgan 1970}, al though, 
Mortimer (1942}, Patrick and Khalid (1974}, and others 
have found that given unfavorable conditions, low pH and 
dissolved oxygen, the sediment layer can act as a 
phosphorus source and is able to release phosphates to 
the water column. 
Phosphorus can enter a wetland in a number of forms 
such as orthophosphorus, insoluble particulate 
phosphorus, or organic phosphorus. Under aerobic 
conditions, aluminum and iron ions can form insoluble 
comp 1 exes with orthophosphorus, thereby removing the 
nutrient from the water column through precipitation 
(Stumm and Morgan 1970). When anaerobic conditions 
prevail, phosphate can become quite mobile and diffuse 
from the sediments into the overlying water column (Stunm 
and Morgan 1970; Patrick and Khalid 1974; Wetzel 1975}. 
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A schematic of the phosphorus cycle in wetlands is given 
in Figure 2-2. 
Plants utilize orthophosphorus from the sediments 
during periods of growth (Klopatek 1975, 1978). Prentki 
et al. (1978) concluded from investigations on plant 
uptake that some of the stored phosphorus is transferred 
to underground structures during the fall, while the 
remainder returns to the water as litter. From studies 
conducted by Mason and Bryant (1975) it was found that in 
the fall and early spring, surface waters in wetlands 
contain elevated concentrations of orthophosphorus due to 
the leaching of phosphorus from fresh 1 itter. P.lthough 
phosphorus is rapidly leached from fresh litter into the 
water, older fallen litter accumulates phosphorus due to 
microbial activity. 
Phosphorus is 
through wetlands 
generally removed 
during the growing 
to some extent in the fa 11 and 
from water 
season and 
early spring 
passing 
released 
(Nichols 
1983). Differences in hydroperiod, soils, vegetative 
species, and hydrologic regime have a · major impact on the 
mobility of phosphorus as it migrates through the wetland 
area. It is therefore possible for a wet 1 and to have 
different removal efficiencies in wet and dry years. 
The distribution of phosphorus in wetlands varies 
widely during the year with respect to the major removal 
RAIN DUST 
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Pi 
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Pi = INORGANIC P 
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Figure 2-2. Schematic representation of the phosphorus cycle in 
\•Jet lands. 
OUTPUTS 
Pi 
Po 
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and input compartments including vascular plants, other 
organisms, sediments and hydro logic inputs from 
groundwater, rainfall and runoff, and base fl ow. 
Seasonal patterns are evident and the travel rates of 
phosphorus along pathways changes greatly. A schematic 
of the pathways along which phosphorus travels at 
various rates during the year is presented in Figure 
2-3. Performing a mass balance on phosphorus in a 
wetland, similar to that · done by Spangler et al. 
(1977), leads to the following relationships: 
Pa = PI - (PVPL - PVPI) - PPLS (2-1) 
- [(PLO - POI) - (PTLS - PSI)] 
(2-2) 
PI - P0 = Accumulation/Discharge Rate (2-3) 
where: 
PGWI = rate of phosphorus input by groundwater 
PBFI = rate of phosphorus input by base flow 
PRI = rate of phosphorus input by stormwater runoff 
and precipitation 
PI = the total rate of phosphorus that is input into the wetland system 
PVPL = rate of loss of phosphorus to vascular plants 
GROUNDWATER 
PGWI 
VASCULAR 
PLANTS 
OTHER 
ORGANISMS POI 
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Figure 2-3. Pathways along which phosphorus travels at various 
rates during the year. 
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= rate of phosphorus input by vascular plants 
to the wetland surface water 
= rate of permanent phosphorus loss to the 
wetland sediments 
= rate of loss of phosphorus to organisms 
other than vascular plants 
= rate of phosphorus input by other organisms 
to the wetland surface water 
= rate of temporary phosphorus loss to the 
wetland sediments 
= rate of phosphorus input to the wetland 
surface water by the sediments 
= rate of loss of phosphorus from the wetland 
land surface water to the receiving stream 
In order for a wetland to retain phosphorus and act 
as a stormwater treatment system, the outflow, P0, should 
be kept as low as possible. A positive result from 
Equation 2-3 implies accumulation, whereas a negative 
result implies discharge. 
Loss of phosphorus from a . wetland, P0, is known to 
vary with seasons of the year. In particular, there is a 
flushing period in the fall or winter · during which the 
rate of phosphorus loss is very high (Lee et al. 1969; 
Spangler et al. 1976). Flushing is associated with the 
mobilization of nutrients due to a low biological 
activity and with heavy autumn rainfall or late winter 
thaws. Spangler et al. (1977) found from their studies 
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on phosphorus accumulation in marshes that the permanent 
loss to the sediments appeared to have been significant 
in the system. Conclusions from the study suggest 
possible annual phosphorus removals of between 28 and 42 
percent. 
Characterization of 
Phosphorus in Stormwater Runoff 
Urbanization has long been recognize·d as a 
significant factor affecting the water quality of aquatic 
ecosystems. Runoff from storms is not just "rainwater" 
in terms of water quality and typically contains 
substantial quantities of pollutants. Changes in land 
use tend to increase hydrologic and nutrient loadings to 
receiving waters by increasing the concentration of 
nutrients in the runoff waters. 
The principal sources of runoff pollutants have 
been classified by Sartor et al. (1972) as including: 
( 1 ) street pavement; ( 2) mot or vehicles; ( 3) 
atmospheric fallout; (4) vegetation; (5) litter; (6) 
land surface; (7) spills; (8) anti-skid compounds and 
chemicals; 
networks. 
(9) construction sites; and (10) collection 
Asplund et al. (1980) and Gupta et al. (1981) 
con c 1 u de d fr om s i m i 1 a r stud i es that th e am o u n t of 
pollutants on a highway surface is dependent upon traffic 
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volume, vehicle emissions and friction wear, highway 
maintenance procedures, and local land use conditions. 
A comparison of area yields from urban and rural 
runoff sources is given in Table 2-2. From this data it 
can be seen that urban runoff produced an area yield of 
total phosphorus which was 19.2 times greater than that 
found in rural runoff. In general, urban runoff produced 
higher yields of every constituent measured. Loehr 
(1974) also concluded that runoff from residential 
streets contained the highest concentrations of total 
phosphorus, whereas runoff from arterial streets 
contained the highest concentrations of orthophosphorus. 
The quantity of pollutants per unit length of street was 
a 1 so shown to increase as the time interva 1 s i nee the 
last rain event or street sweeping increased. 
Mass loadings of urban runoff from residential and 
corrmercial areas surrounding Lake Eola, Orlando, Florida, 
are presented in Table 2-3. Measured concentrations of 
total phosphorus and nitrate-nitrogen at the Lake Eola 
site are substantially lower than those measured in 
similar areas by Loehr ( 197 4) . The differences can be 
attributed to the large number of storm events and higher 
runoff volumes during much of the year that the Orlando 
area experiences. 
CONSTITUENT 
TOC 
Total P04 
TKN 
Nitrate-N 
Sodium 
Potassium 
Calcium 
Magnesium 
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TABLE 2-2 
AREA YIELDS OF SELECTED CONSTITUENTS 
FROM URBAN AND RURAL RUNOFF SOURCES 
,. 
AREA YIELD (kg/ha/yr) 
URBAN RUNOFF RURAL RUNOFF 
345 144 
150 7.8 
7.5 1. 9 
13.3 5.0 
235 42.5 
133 21. 7 
960 628 
290 290 
SOURCE: Loehr (1974) 
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TABLE 2-3 
MASS LOADINGS FROM URBAN STO-RMWATER RUNOFF FROM 
A 28-ACRE COMMERCIAL AREA AND A 16.1-ACRE RESIDENTIAL 
AREA IN THE LAKE EOLA DRAINAGE BASIN 
AVERAGE MASS LOADING (kg/ha-yr) 
CONSTITUENT 
28-ACRE COMMERCIAL 16.1-ACRE RESIDENTIAL 
SS 338 195 
BOD 50 74.6 
COD 296 442.3 
TOC 123 138.5 
TKN 4 1.8 
N03-N 6 2.2 
OP-.P 2 0.8 
TP-P 3.5 2.2 
SOURCE: Wanielista et al. (1977) 
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Sartor et al. (1974) in an investigation of the 
water pollution aspects of street surface 
contaminants, found that the major constituent of street 
surface contaminants was consistently inorganic mineral-like 
matter, similar to common sand and silt. One of the 
most significant findings of the study is that a great 
portion of the overall pollutional potential was 
associated with the fine solids fraction of the street 
surface contaminants. The fines accounted for only a 
minor portion of the total loading of street surfaces. 
Yet, as shown in Table 2-4, the very fine silt material 
(< 43 microns) accounts for only 5.9 percent of the 
total sol ids, but about one-fourth of the oxygen demand 
and 56.2 percent of the phosphate concentration. This 
fraction also accounts for over half of the heavy 
metals, nearly three-fourths of the total pesticides, and 
one-third to one-half of the algal nutrients. 
Rimer et al. (1978) studied the characterization and 
impact of stormwater runoff from seven land cover types. 
Stormwater runoff samples were collected and analyzed for 
water quality parameters which included total phosphorus, 
suspended so 1 ids, chemi ca 1 oxygen demand (COO) , and 1 ead. 
Average peak concentrations of poll utan ts for all storms 
sampled during the study period are presented in Table 2-
5. The highest concentration of phosphorus was found in 
TS 
BOD5 
COD 
vs 
Phosphates 
Nitrates 
TKN 
All Heavy Metals 
All Pesticides 
PCB 
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TABLE 2-4 
POLLUTANT FRACTIONS ASSOCIATED 
WITH PARTICLE SIZES 
FRACTION OF TOTAL (% BY WEIGHT) 
< 43 µ 43 µ -. 246 :µ 
5.9 37.5 
24.3 32.5 
22.7 57.4 
25.6 34.0 
56.2 36.0 
31.9 45.1 
18.7 39.8 
51.2 
73.0 
34.0 
I 
SOURCE: Sartor et al. (1974} 
> 246 l-1 
56.5 
43.2 
19.9 
40.4 
7.8 
23.0 
41.5 
48.7 
27.0 
66.0 
TABLE 2-5 
AVERAGE PEAK CONCENTRATIONS OF PHOSPHORUS IN RUNOFF 
WATER SAMPLES FROM VARIOUS LAND USE DRAINAGE AREAS 
I 
NO. OF PERCENT AVERAGE PEAK CONCENTRATIONS (mg/l) 
LAND COVER TYPES STORMS I i ' IMPERVIOUS 
SAMPLED AREA COD SS TP Pb 
Low Activity Rural 5 2.7 41 284 1.40 < 0.1 
High Activity Rural 5 5.1 58 416 0.76 < 0.1 
Low Activity Commercial 9 12.0 87 575 0.83 0.2 
Low Activity Residential 9 16.0 166 664 0.84 0.6 
High Activity Residential 8 32.0 194 1199 1.03 2.1 
High Activity Commercial 8 35.0 320 1082 1.08 1. 7 
Central Business District . 11 80.0 336 528 0.66 0.9 
SOURCE: Rimer et al. (1978) 
N 
U1 
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runoff from low activity rural land which can be traced 
to the agricultural practices of fertilization associated 
with that particular land use classification. The data 
suggests that phosphorus levels appear to be very closely 
related to suspended solids concentrations. With only 
one exception, phosphorus levels increased with 
increasing suspended solids concentrations. The data 
al so indicate that the levels of most non-point source 
pollutants generally increase with increasing impervious 
area. 
A study of stormwater characteristics in Boca 
Raton, Florida, was conducted by Cullum (1985) on a 122 
acre sing 1 e family resident i a 1 deve 1 opment containing 311 
residences with a population density of 2.5 persons/acre. 
The drainage system consisted of grassed swales, catch 
basins, and 7.9 acres of interconnected lakes. 
Stormwater runoff samples were collected over an 18-month 
period. Total phosphorus concentrations averaged 136 
ug/L, while orthophosphorus averaged 84 ug/L. A 
comparison of stormwater quality characteristics of the 
runoff during the study period with mean values from the 
National Urban Runoff Program (NURP) database is given in 
Table 2-6. Only the mean total Kjeldahl nitrogen (TKN) 
and orthophosphate levels at the residential site studied 
TABLE 2-6 
COMPARISON OF SELECTED STORMWATER RUNOFF QUALITY CHARACTERISTICS BETWEEN A SINGLE 
FAMILY RESIDENTIAL COMMUNITY AND THE NATIONAL URBAN RUNOFF PROGRAM AVERAGES 
NATIONAL URBAN RUNOFF PROGRAM (NURP) ~ SINGLE FAMILY 
PARAMETER RESIDENTIAL 
EVENT MEAN RANGE SITES ~Vl~T MEAN ( u um 1985) 
TSS (mg/1) 249 22 - 2,216 35 20.6 
TP (µg/1) 640 210 - 4,100 34 136 
Ortho-P ( }Jg/1) 182 69 - 313 16 84 
NOX ( µg/1) 1,560 330 - 7,840 24 180 
TKN (µg/1) 2 ,710 480 - 10,790 32 750 
N 
-.....J 
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were within the range of those reported from NURP, and 
both were at the extreme lower end. 
Black et al. (1975) investigated the impacts of 
urban runoff and combined sewer overflows on the 
Chattahoochee River in Atlanta, Georgia. The average 
total phosphorus concentration was determined to be 330 
ug/L in a land cover area which was classified to be 90 
percent residential and 10 percent light industrial. The 
study also concluded that, based on the four sites 
monitored, BOD, total phosphorus, and total nitrogen did 
not appear to be related to land use. Davis et al. 
(1974) conducted a study on the quality of combined sewer 
overflows, stormwater runoff, and their effects on 
receiving waters in Des Moines, Iowa. The 
orthophosphorus and total phosphorus concentrations 
ranged between 60 and 140 ug/L, and 330 and 410 ug/L, 
respectively, for residential stormwater runoff. 
Storm water r u no ff stud i e s of th re e s ma 1 1 b a s i n s 
(residential, corrmercial, and highway) were conducted in 
Ft. Lauderdale, Florida between 1974 and 1978. Miller 
et al. (1982) found the greatest total phosphorus 
loadings to be located in the residential drainage basin, 
possibly due to lawn fertilizer being blown onto 
hydraulically effective impervious areas and also to pet 
wastes. Typical daily loading rates for total phosphorus 
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averaged 0.0216, 0.0168, and 0.0344 pounds/day for the 
residential, highway, and commercial 
respectively. 
land-use areas, 
Sylvester ( 1960) studied the ef feet of stormwater on 
receiving waters in the Seattle, Washington area. The 
results from an analysis of 35 storm events recorrmended 
discontinuing the urban drainage to Green Lake, based on 
a median total phosphorus stormwater concentration of 180 
ug/L. Watson et al. (1979) investigated the impact of 
urbanization on the nutrient budget of Lake Wingra in 
Madison, Wisconsin. Stormwater runoff was found to be 
the most important source of phosphorus, comprising 42 to 
71 percent of the total annual phosphorus loading, a 
source determined to be greatly increased by 
urbanization. The relative importance of seasonal 
changes was reflected in the data. The greatest 
proportion of annual phosphorus input was found to occur 
during the spring, ranging between 47 and 56 percent of 
the tot a 1 1 o ad i n g • Summer , fa 1 1 , and w i n t er ea c h 
provided approximately one-sixth of the total phosphorus 
loading. 
The studies 
the prob 1 em of 
cited provide valuable 
water pollution resulting 
point out the fact that runoff. They 
from urban, residential and highways 
information on 
from stormwater 
stormwater runoff 
areas can place 
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"shock" loads on receiving water. Problems then arise 
when the loadings exceed the assimilative capacity of the 
stream or lake, and the use of the water is thus impaired 
through algal blooms and nuisance algal plant growth. 
Therefore, stormwater management of runoff waters to 
remove water pollutants, particularly phosphorus, in an 
efficient manner is imperative. 
Algal Bioassays as a Tool for Predicting 
Non-point Source Effects on Receiving Waters 
Algae are natural inhabitants of waters and are an 
extremely important group of organisms, particularly 
through their photosynthetic activities. However, when 
sunlight and nutrients become abundant, algae are capable 
of rapid growth and multiplication. This often results 
in water quality problems such as depleted oxygen levels, 
algal "blooms," and accelerated aquatic growth. A 1ga1 
bioassays serve as a standard and reproducible method of 
determining the potential of waters to support, 
accelerate or inhibit algal growth. In the last decade, 
many researchers have begun to utilize algal bioassay 
experiments in order to more accurately define possible 
growth responses. 
The significance of measuring the growth potential 
of a water is that a differentiation can be made between 
the nutrients present in a sample (chemically) and the 
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nutrient forms "available" for algal growth. An 
indication of which nutrient(s) is limiting to growth or 
the existence of a toxicant can be determined using algal 
bioassays (Miller et al. 1974; Payne 1976). Miller et 
al. (1974) using algal bioassays, conducted on water from 
49 American 1 akes, found phosphorus 1 imi ting a 1ga1 growth 
in 35 of the 49 lake assays. 
Bioassays utilize the measurable response of living 
organisms to environmental variables. This response . is 
an integration of the combined effects of ion solubility 
and ion availability to the test organism. Bioassays are 
more valuable than predictions based on chemical 
measurements alone because they enable a distinction 
between biologically available ions and those not 
available. In many cases, chemical analyses would not 
make this distinction. 
Miller et al.(1976), in an effort to study the 
effects of wastewater effluents on algal growth, found 
the N:P ratio to be an important parameter in the 
regulation of algal production. Conclusions from this 
study suggested that the N:P ratio can be used as a 
measure of algal growth limitation in natural waters with 
phosphorus being the limiting nutrient for values of N:P 
greater than 10:1. Green (1975) found a high degree of 
correlation between the expected trophic state at a site 
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due to its nutrient composition and the response obtained 
by test alga in assays performed in the laboratory. This 
lead to the conclusion that the Algal Assay Bottle Test 
technique was sensitive to smal 1 changes in nutrient 
content in various waters assayed. 
Maloney et al. (1972) conducted algal assays on 
waters from nine Oregon lakes of varying water quality 
using the Selenastrum capricornutum Printz Algal Assay 
Bottle Test. Additions of nitrogen, phosphorus, and 
carbon were made to the waters, singly and in 
combination, and algal growth rates determined. The 
addition of phosphorus, alone, stimulated the algal 
growth rate in four of the waters. In all of the assays 
performed, algal growth rates were found to be directly 
proportional to the amounts of dissolved phosphorus in 
the waters, with no correlation between algal growth 
rates and concentrations of nitrogen and carbon. 
Few researchers have used laboratory bioassays as a 
predictive tool for estimating indigenous phytoplankton 
standing crops and ch 1orophyl1 11 a" concentrations due to 
the large number of variables known to affect the 
results. However, Greene et al. (1967) and Greene et al. 
(1978) suggest that under carefully controlled 
conditions, laboratory experiments can be used in 
predicting the responses of aquatic system to nutrient 
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additions and poll ut ional inputs with a high degree of 
correlation. However, little or no research has been 
conducted previously using algal assays to predict the 
effect of wetland systems on reducing the productivity of 
pollutant inputs. 
Role of Redox Potential and pH on the Exchange of 
Phosphorus Between Water and Sediments 
The redox potential of a soil or water is a measure 
of the electrochemical potential or electron availability 
within aquatic systems for oxidation-reduction type 
reactions. Many red ox react i ens occur simultaneously at 
any given time, therefore a measurement of redox 
potential for a system is actually a mixed potential 
which reflects a weighted average of the potentials 
contributed by each of the redox couples present in the 
sys tern. Since organic matter is continually being 
deposited in most natural systems, which can in turn be 
oxidized and serve as an electron donor, a redox 
equilibrium is almost never attained in a natural system 
(Bohn 1971). 
Measurements of redox potential in aquatic systems 
are closely correlated with measurements of dissolved 
oxygen due to the fact that oxygen, when available, is 
used as the termi na 1 e 1 ectron acceptor by microorganisms 
according to: 
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If the demand for oxygen exceeds the supply, facultative 
and then anaerobic organisms become active. As oxygen is 
depleted in the sediment along with the oxidized forms of 
many redox couples, the number of reduced compounds 
increases with a corresponding increase in electron 
activity. The degree of sediment reduction is then 
indicated by the magnitude of the redox potential. 
Patrick and Mahapatra (1968) observed that redox 
potentials could be categorized into four redox ranges. 
At a standard pH of 7.0, soils having a redox potential 
of +400 mV or more are considered to be oxidized, from 
+400 to +100 mV are moderately reduced, from +100 to -100 
mV are reduced soils, and less than -100 mV are highly 
reduced soils. The oxidized layer at the sediment 
surface is only a few millimeters thick. Beneath this 
layer, the sediments become quickly reduced (Weiler 
1973). 
Similar conclusions were reached by Patrick (1964) 
investigating the state of extractable iron and 
phosphorus at control led redox potentials in a submerged 
soil. The data indicated a three-fold increase in the 
concentration of extractable phosphorus between redox 
potentials of +200 and -200 mV. The ferric ion 
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predominated at potentials greater than +200 mV whereas 
extractable iron was present 1 arge ly in the ferrous form 
below +200 mV. The sharp break at the +200 mV level is 
an indication that the conversion of phosphate to an 
extractable form is dependent upon the reduction of 
ferric compounds in the soil. 
It is a well established fact that the red ox 
potential controls the oxidation state of iron and thus 
affects the ability of sediments to retain or release 
inorganic phosphorus. Mortimer ( 1941, 1942) showed that 
the disappearance of dissolved oxygen and the subsequent 
reduction of the sediment resulted in a several-fold 
increase of dissolved phosphorus and ferrous ion in the 
water co 1 umn. Oxygenation of the sediment reversed the 
process and decreased the phosphorus concentration in 
solution. Mortimer (1971) conducted a study on redox 
potent i a 1 profiles across the sediment-water interface of 
Lake Windermere in England. The results suggested that .a 
progressive decline in oxygen concentrations from 2 mg/L 
to analytical zero at the interface was accompanied by a 
fall in electrode potential and this correlated with 
mobilization and transfer into the water of first 
manganese and then iron. There was also a concurrent 
release of large quantities of phosphorus previously held 
in a complex form. It was also found that an oxygen 
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concentration of 1 to 2 mg/L at the sediment surface 
prevented exchange between the sediment and overlying 
water. 
Patrick and Khalid (1974) observed that anaerobic 
soils release more phosphate to soil solutions low in 
soluble phosphate and sorbed more phosphate from 
solutions high in soluble phosphate than did aerobic 
soils. The difference in behavior of phosphate under the 
aerobic and anaerobic conditions was attributed to the 
change brought about in ferric oxyhydroxide by soil 
reduction. It was suggested that the probably greater 
surface area of the gel-like reduced ferrous compounds in 
an anaerobic soi 1 results in more soi 1 phosphate being 
solubilized where solution phosphate is low and more 
solution phosphate being sorbed where solution phosphate 
is high. 
Spear (1970) working with Lake Mendota sediments, 
found an appreciable release of orthophosphorus under 
aerobic conditions. Approximately 1 to 2 mg/L of 
orthophosphorus was released when nitrogen was passed 
through the mud-water system. Yet when air or oxygen was 
used in place of nitrogen in the same experiment, about 1 
mg/L of orthophosphorus was released. Similar results 
were obtained by Sridharan (1970) and Bartleson (1970}, 
who found that the aerobic release of phosphorus was 
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highly dependent on the sediment type. These studies 
indicate that phosphorus release under aerobic 
conditions is very slow as compared to the rate of 
release under anaerobic conditions. 
The speciation and solubility of metal ions in 
aquatic systems is controlled by changes in pH values. 
Metal ions can exist in a free ionic form in complexes 
with inorganic species such as hydroxides, carbonates and 
sulfates, as well as with a wide variety of organic 
ligands. The solubility of each of these species is 
regulated to a large degree by pH. 
The importance of pH in regulating aquatic equilibria 
can be seen in the equilibrium expressions for 
metal species in natural environments. Many of these 
expressions involve reactions with dissociation products 
of water such as H+ , dissociation products of a 
phosphate system such as - -2 H2Po4 , HP04 , or 
di ssoci at ion products of the system such as so4-
2
, 
concentration of Since the dominance and 
these species is regulated by pH, the 
-3 P04 , or 
or S_- 2 
each of 
resulting 
speciation and equilibrium concentrations of complexes 
formed between these species and metal ions are 
correspondingly regulated. 
Changes in the pH of sediments also effect the 
exchange of phosphorus between sediments and the 
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overlying waters. The form of phosphorus in solution 
is largely determined by the pH, as shown in Figure 
2-4. The actual mechanisms for phosphate retention are 
also a function of the pH. In the acidic region, pH < 
5.0, the solubility of iron and aluminum increases. Some 
soluble phosphate then reacts with the iron and aluminum 
to form insoluble precipitates. Much larger quantities 
of phosphate are adsorbed onto iron and aluminum hydrous 
oxides, this occurring over a wide pH range. Additional 
adsorption can occur on other clay materials. 
"Relatively available phosphorus" refers primarily to the 
availability to plants, but also indicates the 
availability for leaching from the soil. Maximum 
availability exists between pH 6.0 and 7.0. 
Mac Pherson et a 1 • (1958) cone 1 uded from studies on 
four types of lake sediments that the release of 
phosphorus from lake muds was minimum between pH 5.5 and 
6. 5. Acid-bog and highly productive sediment was found 
to release the most phosphate to the overlying water 
column. Burns and Ross (1971) in studying the effects of 
oxygenation on phosphorus release in Lake Erie, observed 
in the case of overturn of anoxic water to the surface, 
the pH of the mixture containing both iron and phosphorus 
to rise and the iron to precipitate out as the hydroxide 
and not the phosphate. The ferric hydroxide then was 
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found to partially react with some of the phosphate 
molecules, and resulted in a decrease of only 10 percent 
in the soluble phosphate concentration. 
The chemical properties of a water saturated soil 
are very similar to those previously discussed for bottom 
sediments. Waterlogged soil found in wet 1 ands is 
continuously wet or contains water most of the year. The 
waterlogged soil exhibits bottom sediment properties 
because of the fact that it is oxygen deficient. The 
surface of the soil becomes reduced and this results in 
the liberation of many compounds and elemental forms. 
Ferrous ions diffuse upward to the sediment-water 
interface where they are oxidized and form a thin layer 
of ferric hydroxide and ferric-humate complexes. These 
compounds a cc um u 1 ate as a fl o cc u 1 ant 1 ayer and strong 1 y 
adsorb ions such as phosphates. When these compounds are 
degraded during the reduction of iron to the ferrous 
form, phosphates and other ions are released into · the 
overlying water column. 
Phosphorus Removal in Wetlands 
Wetlands, transitional ecosystems located in 
watersheds between terrestrial and aquatic ecosystems, 
are areas covered periodically or permanently with water 
of varying depths and that support hydrophilic 
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vegetation. Due to their geophysical location, wetlands 
have come into focus in the last decade as natural 
systems which may have the potential to improve water 
quality of both stormwater runoff and secondary 
wastewater effluent. Wastewater effluent has ·been 
applied to various natural wetlands throughout North 
America. In many of the studies, wetlands have acted to 
improve water quality, including uptake of nitrogen and 
phosphorus, to some extent. However, pollutant removal 
efficiencies in other studies were extremely variable, 
and a more quantitative assessment is needed of the 
capabilities and limitations of wetlands to remove 
nutrients (Nichols 1983). 
Investigations concerning the use of wetlands 
for treatment of stormwater runoff have been extremely 
1 imi ted. The few studies . undertaken reveal that: (1) a 
wide disparity exists in the capability of wetlands to 
remove non-point source pollution, particularly with 
respect to nutrients; (2) the nature of flow and 
seasonal factors are major influences on pollutant 
removal capabilities in certain wetlands; and (3) the 
greatest consistency in pollutant reduction appears 
for BOD, suspended solids, and heavy metals (Morris 
Nichols 1983; Hickok et al. 1977; Mccuen 1978). 
to be 
1980; 
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The capacity of a Florida freshwater marsh to remove 
nutrients from wastewater was studied by Dolan et al. 
(1981). The research site consisted of four 0.2 ha 
experimental plots each containing 0.5 to 1.0 m of water 
over the marsh soi 1. The soil structure of the marsh 
substrate consisted of a 1.5 m thick layer of highly 
organic (88 percent), acidic (pH 4.5) Brighton peat soil 
underlain by a zone of coarse sand and 
Secondary effluent was delivered to the plots 
rates of 1. 3' 3. 8' and 10.2 cm/week, with 
serving as a control. The t ota 1 
concentrations of the effluent applied 
experimental plots ranged from 3.2 to 16.2 mg/L. 
kaolinite. 
at loading 
one plot 
phosphorus 
to the 
Phosphorus removal equivalent to tertiary treatment 
by chemical means was provided by the marsh. The marsh 
system receiving the highest loading rate of effluent 
assimilated over 97 percent of the input phosphorus. The 
soil was determined to be the major phosphorus sink · with 
secondary sinks in below-ground biomass and 1 itter, based 
upon phosphorus mass ba 1 ances of the system. The study 
provided evidence that the marsh can function as a sink 
for large quantities of nutrients, particularly 
phosphorus. However, Dolan et al. cone 1 uded that the 
use of a particular area of the marsh may be contingent 
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upon the potential of soil uptake and the rate of peat 
production. 
In an investigation of sawgrass wetlands in the 
South Fl or ida Ev erg 1 a des, Steward and Orn es ( 197 5) found 
that experimentally applied levels of wastewater (2.5 
kg/ha P applied/week) overloaded the marsh ecosystem with 
phosphorus in a very short period, approximately eight 
weeks. In particular, t~e orthophosphorus concentration 
in the surface water was found to have increased twenty-
fold due to the application of the effluent. The surface 
layer of soil that was sampled was found to consist 
principally of a litter of plant fragments and partially 
decomposed organic matter, along with small amounts of 
peat. The low nutrient requirement of sawgrass was felt 
to be a significant factor limiting the assimilative 
capacity of the wetland. Changes in the composition of 
the plant conmunity indicated that undesirable effects on 
the unique structure of the Everglades could result · from 
the increased supply of nutrients associated with 
wastewater discharges. 
Hyde et al. (1984), based on an assessment of the 
nutrient removal capabilities of wetlands for wastewater, 
suggested the following design criteria: (1) wetland 
systems are suitable for flows of effluent less than 2.0 
MGD, with a wetland size ranging between 9 and 90 ha; (2) 
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an average detention time of 10 days; (3) an average 
depth of flow of 0.25 m· 
' 
and (4) an average 1 oad ing rate 
3 
of 4.1 ha/1000 m -day. 
The capacity of wetlands to remove nutrients from 
wastewater was also studied by Nichols (1983). The study 
reviewed mechanisms by which wetlands remove nutrients as 
well as application rates and efficiency of nutrient 
removal. Wetlands retain phosphorus by adsorption and 
precipitation reactions with Al, Fe, and Ca in the soil. 
Adsorption/precipitation is not a limitless sink, and is 
at least partially reversible. With continued 
application, the capacity of wetland soils to retain 
phosphorus declines as the soils become saturated. 
Nichols also found that some of the phosphorus that is 
adsorbed from the surface water at high concentrations 
can also be released to the surface water when the 
phosphorus 1 evel s are 1 ower. Simi 1 ar results were 
obtained in studies performed by Patrick and Khalid 
(1974). Wetland vegetation can also absorb large 
quantities of phosphorus during the growing season, but a 
good portion of this is released to the surface water in 
the wetland as the plants die. 
At low loading rates, wetlands have the capacity to 
remove a large proportion of the applied phosphorus, and 
to continue to do so for many years. However, as the 
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loading rate is increased, the efficiency of phosphorus 
remova 1 decreases rapidly. At a loading rate of 1.5 g 
P/m2-yr, about 68 percent of the phosphorus would be 
removed from the wastewater. If the loading rate 
quadrupled to 6.0 g P/m2-yr, phosphorus remov a 1 would 
decrease to 46.7 percent. A ten-fold increase in 
phosphorus loading to 15.0 g P/m2-yr would only produce a 
30 percent removal rate. In contrast, the amount of 
phosphorus retained by wetlands under natural conditions 
(no wastewater applied) is quite low. Indications are 
that phosphorus accumulation in undisturbed soils is about 0.1 
to 0.2 g/m2-yr (Nichols 1983). 
Recent research conducted by the Center for Wetlands 
at the University of Florida and Boyle Engineering (1981) 
investigated the use of a flow-through wetland system 
for tertiary treatment of wastewater in Gainesville, 
Florida. Over a thirteen-month period all pertinent 
forms of nitrogen and phosphorus were measured. The 
results indicated that although total phosphorus 
concentrations were reduced from 4.2 mg/L in the effluent 
to less than 1.0 mg/L in the outfall from the wetland, 
they remained significantly above background levels. 
Analysis of specific conductance levels suggested that 
"dilution" was a major factor in reducing the 
concentration of total and soluble phosphorus. 
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To quantify phosphorus removal at the wetland, a 
nutrient budget analysis was performed to examine the 
actual amounts of phosphorus applied and leaving the 
wetland study area. The results of that analysis 
revealed that the amount of total and soluble phosphorus 
increased by over 50 percent in the wetland surface 
waters. These results led to the conclusion that the 
surface waters 
from within the 
which had been 
in the wet land 
system, perhaps 
saturated with 
were acquiring phosphorus 
from the bottom sediments 
phosphorus from numerous 
years of applied wastewater and stormwater runoff from 
pasture lands. Based on the findings from this study, 
the research team cone 1 uded that this part i cu 1 ar wet 1 and 
system was not effective for phosphorus removal and 
suggested that if phosphorus removal was required, that 
it would have to be accomplished prior to discharge from 
the treatment plant. 
Hydro 1 ogi c conditions in a wet land can a 1 so affect 
the removal of phosphorus. Higher phosphorus loading 
rates are generally accompanied by higher hydraulic 
loading rates so that retention times in the wetland are 
reduced, and less time is allowed for phosphorus removal 
reactions to occur. At very high loading rates, nutrient 
removal may be limited primarily to sedimentation of 
part i cu 1 ate farms. Wet 1 and morpho 1 ogy is a 1 so important. 
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As the depth of wetland surface water increases, the 
chance for reactions between nutrients and the wetland 
sediments decreases. Yet, in contrast, a greater depth 
of surface water in the wetland leads to a longer 
retention time than in a shallow water wetland, given the 
same hydraulic loading. 
In one of the few previous studies on the 
feasibility of treating stormwater in wetland systems the 
Wayzata Wetland in Wayzata, Minnesota, was investigated 
by Hickok et al. (1977) to evaluate the interactions of 
stormwater runoff in a wetland area and determine the 
potential usefulness of such areas for water quality 
management. The study site was a 3.06 ha peat wetland 
with a contributing watershed (26.3 ha) of mixed urban, 
sparsely developed, and open wooded land uses. 
Phosphorus was found to be the limiting plant nutrient in 
the system. Microbial activity in the wetlands appeared 
to be the initial and most important mechanism for 
removing phosphorus from the soil-water solution. The 
removal efficiency of phosphorus (on a concentration 
basis) averaged 78 percent on an annual basis. Under 
submerged, anaerobic conditions, the microbial activity 
was found to decrease dramatically, suggesting a similar 
decrease in phosphorus removal capability. 
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Morris et al. (1980) recently conducted a one-year 
field investigation of the effectiveness of natural marsh 
and meadowlands to provide treatment of surface runoff in 
the Lake Tahoe Basin. Seven systems consisting of four 
streams and three tributary drainage areas were 
investigated. The contributing watershed consisted of a 
mix of urban, rural residential, pasture, and forested 
lands. Results . indicated an extreme seasonal variability 
in the nutrient removal capacities of the marsh. On an 
annual basis, phosphorus concentrations were found to 
have increased, over background levels, in 64 percent of 
the sampling areas. 
The nature of flow through wetlands is considered to 
be a critical factor affecting nutrient removal. Morris 
et al. found the extent to which runoff followed a sheet 
flow pattern to be the most significant factor 
distinguishing pollutant removal efficiencies at 
different sites. In a Palo Alto study by the Association 
of Bay Area Governments, widespread sheetflow did not 
occur. Rather, the flow remained confined to well-
defined channels traversing the marsh. The resultant 
effect was a net increase in the concentrations of 
phosphorus. 
The influence of 
events was observed 
the seasons 
to also be 
and individual storm 
an important factor. 
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Nutrient discharges in particular were related to the 
seasons in the Wayzata wetlands (Hickok et al. 1977). 
The flushing and leaching effects of spring snow melt 
appeared to be the cause for higher TKN and organic 
carbon discharges in the Lake Tahoe meadowlands. 
The extreme variability observed in the studies, in 
terms of nutrient removal, strongly points to the need to 
carefully examine each individual wetland system, prior 
to predicting its usefulness in stormwater runoff 
management. In addition to flow regime, vegetative 
conmunities and species, sediments, wetland slope, red ox 
potential, and pH should be examined very carefully since 
each of these are factors which can regulate the 
nutrient removal capacity of a wetland. 
CHAPTER 3 
FIELD AND LABORATORY INVESTIGATIONS 
Site Description 
The natural wetland site investigated during this 
research is part of a 48.4 hectare hardwood wetland 
hammock located just south of Sanford, in Seminole 
County, Florida (Figure 3-1). The wetland lies adjacent 
to and partially encloses Hidden Lake, which is the 
ultimate receiving water body for the surrounding 
wetland. The wetland is surrounded on the north and east 
by a residential conmunity of single family and multi-
family residences. A small portion of the wetland, 
approximately 1.0 hectare in area, has been receiving 
stormwater runoff from a 22.4 hectare residential 
drainage basin since 1975 and was selected for study in 
these investigations. A schematic of the study site is 
given in Figure 3-2. 
Characte,ristics of the Wetland Conmunity 
The bayhead wetland at Hidden Lake is an association 
dominated by broad-leaved evergreen and deciduous trees 
that grow in very acidic, saturated soils that are 
subject to periodic flooding. Soils associated with the 
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Figure 3-2. Study site at Hidden Lake, Florida. 
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conmunity are organic soils, primarily Histosols, which 
are conmonly cal led peats and mucks. The histosol s are 
primarily composed of decayed and partially decayed plant 
tissue and contain approximately 80-90 percent organic 
material by weight. These organic soils are characterized 
in general by the following parameters: (1) very low 
bulk density; (2) high water holding capacity and 
content by percent volume; (3) low hydraulic 
conductivity; (4) low percent ash; (5) high organic 
matter content; and (6) high organic nutrient content. 
The soils in the wetland are nearly always moist, 
with the water table at or near the surface during much 
of the year. Soi 1 moisture during non-storm periods is 
provided by groundwater seepage from surrounding upland 
areas. A representative soil horizon from the bayhead 
consists of a surface 1 ayer of dark reddish-brown muck 
10-30 cm thick, overlying a loose peat layer one to two 
meters thick, underlain by a dense sand or clay base. 
The bayhead wetland area which constitutes the major 
flowpath for stormwater inputs occupies only 
approximately 1.0 hectare of the total 48.4 hectares in 
the hardwood hanmock (Figure 3-2). Vegetation along the 
flowpath is both abundant and diverse, with the 
hydro 1 og i c regime being the major factor af feet i ng the 
spatial diversity in the conmunity. The bayhead exists 
54 
on land slopes which are nearly level to gently sloping 
with a slight positive gradient from the inflow canal to 
Hidden Lake. This slight gradient appears to be a 
d om i nan t fact or i n fl u enc in g both the hydro per i od and the 
vegetative species composition. The s l i g ht l y h i g her 
areas near the inflow canal were observed to have a 
hydroperiod of approximately 250 days with dominant 
canopy species such as red maple and swamp ash. The 
understory in this area is dominated by strands of 
greenbriar, blackberry, grapevine, galactica, and 
l i zard' s tail . In areas closer to Hidden Lake which are 
subjected to hydroperiods in excess of 300 days per year, 
the dominance of red maple and swamp ash decreases while 
sweet bay becomes the dominant species. Ferns become the 
dominant understory plant species in this part of the 
wetland and include sp·ec i es such as Cinnamon fern, 
Virginia chain fern, and Royal fern. In numerous areas 
throughout the wetland the vegetative species form a 
thick foliage that appears to be impenetrable. 
The groundwater table in the hardwood harrmock varies 
seasonally with wet and dry months. During the winter 
and spring months (December through June} the piezometric 
surface ranges from near to as much as one meter beneath 
the wetland surface, although the surface soil remains 
damp. Stormwater inputs during this period usually 
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infiltrate into the groundwaters and do not discharge to 
Hidden Lake. However, during the summer months, standing 
water, ranging from one to twenty centimeters, is 
corrmon. Vertical movement of groundwater is retarded by 
the underlying clay liner, and as a result the dominant 
groundwater flow is horizontal with ultimate discharge to 
Hidden Lake. Water levels within Hidden Lake regulate to 
a large degree the magnitude of the piezometric gradient. 
The groundwater table in the upland areas contributes 
a continuous but variable subsurface input to the 
wetland. Groundwater seepage into the in fl ow canal from 
upland areas also contributes a continuous but variable 
surface inflow to the wetland during much of the year. 
This background flow through the canal is greatest during 
the surrmer and fall, decreases during the winter months, 
and usually stops completely during the spring. 
The hydrologic regime of the harrmock was modified in 
1975 when it began receiving stormwater runoff from an 
adjacent 22.4 hectare drainage basin of newly 
constructed single and high density multi-family 
residences. Prior to development, this area was primarily 
a pine flatwood corrmunity. Watershed characteristics of 
the drainage basin are given in Table 3-1. Curb and 
gutter, grassed swales, and stormsewers are used to 
convey runoff to a small vegetated canal one to two 
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TABLE 3-1 
WATERSHED CHARACTERISTICS OF THE 
HIDDEN LAKE STUDY SITE 
PARAMETER QUANTITY 
Drainage Basin 22.36 hectares 
55.22 ·acres 
Percent Impervious 26.0 
Impervious Area That is 
Directly Drained 68.0% 
Time of Concentration 26.5 minutes 
Weighted Runoff 
Coefficient, C 0.11 . 
Mean Slope (ft/ft): 
Watershed 0.0050 
In fl ow Canal 0.0049 
Mean Yearly Rainfall 132 cm 
52 inches 
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meters in width which flows into the wetland (Figure 3-2). 
Other residential areas outside the drainage basin 
discharge runoff into the perimeter of the harrvnock at 
various 1 ocat ions. However, these inputs are re 1 at ively 
small and are not hydraulically connected with the study 
area. 
Upon entering the wetland, runoff from ordinary rain 
events as well as base flow generally follow a shallow 
well-defined flow channel to the south for the first 25 
meters before gradually spreading out over the entire 
flow path. During extreme or high intensity rain events, 
the capacity of the shallow inflow channel can be 
exceeded, and the in fl ow has been observed to travel not 
only south but north and west as we 11. However, even 
though some variation is possible in the initial flow 
regime for inputs to the system, the dominant flow regime 
remains in the direction of Hidden Lake through the study 
area. 
Hidden Lake 
Hidden Lake . is 1 ocated near the 
wetland community. Physical and 
center of the 
morphometric 
in Table 3-2. characteristics of Hidden Lake are listed 
In most areas the shoreline of Hidden Lake 
undeveloped and natural state. The lake 
exists in an 
maintains a 
TABLE 3-2 
PHYSICAL CHARACTERISTICS FOR HIDDEN LAKE, FLORIDA 
PARAMETER QUANTITY 
Approximate Surface Area 44,400 m2 
4.44 hectares 
(10. 97 acres) 
Approximate Vo·lume 66,500 m3 
17.6 x 106 gallons <..Tl (X) 
Mean Depth 1.5 m 
(4.9 ft) 
Maximum Depth 2.5 m 
(8.2 ft) 
Length of Shoreline 1760 m 
(5770 ft) 
Shoreline Development 2.36 
Volume Development 1.80 
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constant population of NuEhar luteum (yellow water 
lilies) which normally peak in numbers during the surrmer, 
covering 25-40 percent of the pond surface. However, 
during the winter months, these plants retreat to a 
coverage of less than 10 percent. Numerous patches of 
other rooted emergent macrophytes have been noted in the 
lake. Hidden Lake appears to be geologically quite old 
and in an advanced state of natural eutrophication. As a 
result, sediment material, which is predominantly 
organic in nature, has accumulated to a depth of several 
meters. In general, the water can be characterized as 
acidic, highly colored with organic stains, and 
relatively high in dissolved phosphorus and organic 
nitrogen. 
Hydrologic inputs into the lake originate as 
overland flow from the . surrounding wetland as well as 
direct inputs of runoff from the developed residential 
areas. The piezometric surface of the lake is variable 
and fluctuates in excess of one meter with seasonal 
precipitation. Hidden Lake discharges to the south 
during the wet season through a series of vegetated 
canals which eventually flow into Lake Minnie. The two 
lakes, as well as the wetland, become hydraulically 
connected as the wet season progresses and the quantities 
of rainfall and runoff increase. 
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Field Investigations 
Field investigations conducted at the Hidden Lake 
site during 1984-1985 were divided into the following 
tasks: (1) assessment of the quantity of nutrients and 
heavy metals entering the wet 1 and by way of s tormwater 
runoff; (2) attenuation of these pollutants during 
travel through the wetland; (3} characterization of 
water quality in surface waters in the wetland; (4) 
monitoring the accumulation and movement of nutrients and 
heavy metals in groundwater; (5) accumulation of 
nutrients and heavy metals in the sediments of the 
wetland; and (6) changes in productivity of runoff water 
during flow through the wetland. Each of these tasks is 
described in the following sections. 
Characterization of Hydrologic Inputs 
A 90-degree V-notch weir was installed across the 
inflow canal adjacent to the trailer to monitor direct 
hydraulic inputs into the wetland. Surface water flow 
into the wetland through the canal was monitored 
continuously for both base flow and runoff flow using a 
prograrrmed I SCO fl owneter and fl ow tota 1 i zer. A 11 water 
entering the wetland through the V-notch weir was 
totalized and recorded on an hourly basis. 
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Characterization of Rainwater 
Direct precipitation was monitored in the Hidden 
Lake wet 1 and from March 1985 through December 1985. A 
wet/dryfall collector was mounted on the roof of the 
research trailer and used to collect rainfall samples. A 
tygon sample tube was connected to the bottom of the 
collection bucket and was inserted in a 4-liter 
polyethylene bottle located inside the trailer. 
Immediately fol lowing storm events, the collected sample 
was returned to the Environmental Engineering Laboratory 
at the University of Central Florida for water quality 
analysis. Stoi cha st i c monitoring of storm events in the 
study area was also performed during the study period. A 
Texas Electronics Model TR-6118 "Tipping Bucket" rainfall 
collector was placed on the roof of the research trailer 
and was connected to a Model 1014-P Rainfall Sensor/Strip 
Chart Recorder 1 ocated inside the tra i 1 er. A permanent 
record of direct precipitation, antecedent dry periods, 
rainfall volume, and intensity were collected throughout 
the project. 
Characterization of Stormwater Runoff 
To determine the quantity of nutrients and heavy 
metals entering the wetland by way of stormwater runoff, 
an ISCO automatic refrigerated sampler was installed in 
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the trailer adjacent to the weir. A tygon sample tube was 
extended from the ISCO sampler in the trailer to the 
inflow canal. A 5 cm PVC rod was driven into the 
sediments approximately one meter upstream of the 90 
degree V-notch weir. The sample collection tube and a 
sample initiation actuator were attached to the PVC rod. 
The stormwater sample collection tube was positioned 
near the base flow water level while the sample actuator 
was attached above the base flow water level. A sudden 
increase in water level would wet the actuator causing 
the sample collection program to begin. Water elevations 
discharging through the V-notch weir were monitored by an 
ISCO pressure transducer attached · to the weir and 
converted to a volumetric flow rate by a pre-prograrnned 
ISCO flow meter. A record of stormwater volumes entering 
the wetland was made on · an hourly basis for each storm 
event as well as base flow during dry periods. 
Flow weighted composite samples were collected · with 
the automatic refrigerated sampler over a twelve-month 
period for twenty-four separate storm events, 
representing a wide range of rainfall intensities and 
antecedent dry periods. After rising water levels reached 
the fl ow actuator, the automatic sampler was programmed 
to collect a 0.5 liter sample of stormwater runoff every 
five minutes during the elevated flow conditions of a 
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storm event. The I SC O ref r i g er ate d s amp 1 er u s e d i n 
this research had a capacity of 28 one-liter samples or 56 
half-liter samples. This sampling scheme constituted a 
possible sampling period of 280 minutes or until the 
water level dropped below the sample actuator. Since 
approximately 3 liters of runoff sample was required to 
perform all the desired laboratory analyses, collected 
samples were combined in groups of seven (bottles 1-7' 
8-14, 15-21, 22-28) to produce a potential of four 
composite samples per runoff event. Samples were 
collected as soon as possible following storm events and 
returned to the Environmental Engineering Laboratory at 
the University of Central Florida for water quality 
analyses. 
Characterization of Hidden Lake Water 
Water samp 1 es were collected periodically from 
Hidden Lake from April 1985 through November 1985. Since 
physical access to Hidden Lake was extremely difficult 
due to the dense wetland which surrounded it, it was 
necessary to pump . water samples from Hidden Lake for 
analysis. A 2.5 cm diameter schedule 40 PVC pipeline was 
installed from Hidden Lake to the research trailer, a 
distance of approximately 300 meters, in order to collect 
samples for water quality analysis. The PVC pipe was 
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submerged near the center of Hidden Lake at a depth of 
1.0 m from the water surface at time of installation. 
The pipeline was attached to a one horsepower centrifugal 
pump in the research trailer. On sampling days the pump 
was turned on and allowed to run for 30 minutes before a 
sample was taken in order to purge water that had been 
stored in the pipeline previously. The sample was placed 
in a four liter polyethylene sampling bottle and returned 
as soon as possible to the Environmental Engineering 
Laboratory at the University of Central Florida for water 
quality analysis. 
Surface Water Monitoring 
Surface water sampling sites were established within 
the wetland based on observing the flow of runoff 
throughout the wet 1 and during rain events. Surf ace water 
sampling sites were established at seven fixed stations 
along the flow path within the wetland beginning at the 
inflow canal, then at a distance of 10 meters alo~g the 
flowpath followed by stations at 25 m1 intervals along the 
dominant flow path to a distance of 150 m as indicated in 
Figure 3-3. This distance was observed to be the extent 
of runoff movement into the wetland during most storm 
events. A fixed "control" statfon was also established 
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in an area of the wetland west of the dominant flow path 
which was removed from runoff influence. 
Fixed sample ports were installed in the wetland at 
the locations indicated in Figure 3-3. Sample collection 
devices were constructed of 5 cm PVC pipe w]th a sampling 
port attached into one side of the apparatus. The port 
was plugged with a one-hole neoprene stopper and covered 
with a plastic mesh screen to prevent debris from 
plugging the sample port. Five millimeter polyethylene 
tubing was then inserted into the neoprene stopper ho 1 e 
to complete the sampling device. A schematic diagram of 
the surface water collection device is given in Figure 
3-4. Collection devices were placed along the major flow 
path at each of the designated stations with polyethylene 
sample tubing extending to areas away from the · flow path. 
By collecting samples in this manner it was not necessary 
to cross or disturb the flow of water during sample 
co 11 ect ion. 
Samples were collected from all seven stat ions for 
analysis on a bi-weekly basis beginning 
and ending in December 1985. A Turner 
powered peristaltic pump was connected to 
extended polyethylene tubing and used to 
surf ace water 
in December 1984 
portable battery 
the end of the 
slowly 
bottles. 
pump the 
Samples 
were collected 
samples into collection 
in 4-liter polyethylene bottles which were 
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Fiqure 3-4. Schematic diagram of sample collection device for 
surface waters. 
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a 11 owed to over fl ow sever a 1 volumes. A 11 surface water 
samples were pumped directly into a flow-through-cell 
connected to a Hydrolab System 8000 Water Quality Monitor 
which was placed in line before the sample bottle. This 
technique allowed direct field measurement of 
temperature, conductivity, pH, dissolved oxygen, and 
redox potential as the sample was being collected. Field 
measurements collected in this manner are more accurate 
for certain parameters such as pH, dissolved oxygen, and 
redox potential which are subject to rapid change during 
storage. Collected samples were returned to the 
Environmental Engineering Laboratory at the University of 
Central Florida for analysis of nutrients, heavy metals, 
and other water quality parameters. 
Groundwater Monitoring 
To investigate the possibility of groundwater 
contamination by leaching of nutrients and heavy metals, 
four multi-port monitoring wells were installed at 
locations indicated in Figure 3-3. Well #1 was located 
in the up 1 and area of the wet 1 and, approximate 1 y 30 m 
south-southwest of the research trailer, in order to 
characterize groundwater quality in an area upgradient of 
the wetland site. Wells #2 and #3 were installed in the 
major flow path of the wetland at distances of 25 m and 
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150 m, respectively, in order to monitor areas which 
receive continuous flows of base fl ow and stormwater. 
We 11 #4 was installed in the control section of the 
wetland, near Hidden Lake, in a low, "wet" area which 
receives no direct stormwater discharges and exhibits 
generally stagnant surface water conditions. 
The well design was a multi-port approach with all 
sample ports housed in a single 5 cm Schedule 40 PVC 
pi pe . A sch em at i c of the mu 1 ti - port s amp 1 i ng d ev i c e i s 
given in Figure 3-5. It was felt that this design would 
minimize soil disturbance and reduce groundwater recovery 
time for obtaining representative samples when compared 
to other monitoring well designs. Sample ports were 
constructed from one-hole neoprene stoppers with a 5 rrm 
semi-rigid polyethylene tube inserted in the hole. The 
stopper was covered with · a small plastic mesh screen to 
prevent particles from entering the tubing. Samp 1 e ports 
were inserted in the casting at depths of 0.1 m, 0.5 m, 
and 1.0 m below the water table elevation at the time of 
placement. Polyethylene tubing was extended from each of 
the sample ports through the PVC casing to the surf ace 
where the ends were permanently marked for identification 
of sample ports during sample collection. 
Bore holes for the multi-port wells were dug to a 
depth .·of approximately 1.25 m using a 13 cm diameter hand 
Water 
Table 
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Figure 3-5. Schematic diagram of sample collection device for 
_groundv1a ters. 
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auger. A 30 cm PVC casing was used as the drilling 
progressed to hold the bore hole open. Upon completion 
of the bore hole, the multi-port device was inserted and 
backfilled with clean silica sand (20-30 grade). A 
removable end cap was placed on each well in order to 
protect the sample tubes. 
After construction was complete in September 1984, 
no samp 1 es were co 11 ected for approximately 60 days to 
allow for groundwater disturbances created during the 
installation process to subside. In addition, during 
this 60-day period, each port on each well was pumped for 
15 minutes on a weekly basis with a peristaltic pump to 
remove any dissolved solids and sand which may have been 
disturbed during the installation of the multi-port 
wells. This process removed approximately 10 liters 
from each port on a weekly basis. 
Groundwater samples were collected for analysis on a 
monthly basis beginning in November 1984. Samp 1 es were 
collected using a Turner portable battery powered 
peristaltic pump. Groundwater samples were collected in 
two-liter polyethylene bottles, which were allowed to 
overflow one volume before a sample was taken. All 
groundwater samples were pumped through a flow cell 
connected to a Hydrolab System 8000 Water Quality Monitor 
which was placed in-line before the sample bottle. This 
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technique allowed direct field measurement of 
temperature, conductivity, pH, di sso 1 ved oxygen, and 
redo x potent i a 1 as the s amp 1 e was be i n g co 11 e ct e d . 
Collected samples were returned to the Environmental 
Engineering Laboratory at the University of Central 
Florida for analysis of nutrients, heavy metals, and 
othe·r water qua 1 ity parameters. 
Characterization of Sediments 
Sediment analyses were conducted on core samples 
collected near each of the surface water sample stations 
and in an isolated control area not subject to stormwater 
influence to characterize the deposition and attenuation 
of heavy metals and nutrients. The location of the 
isolated control area is indicated in Figure 3-3. 
A "split-spoon" core collection device was used in 
the retrieval of the sample cores from the wetland soils. 
The collection device was constructed of a split Schedule 
40 PVC pipe, approximately 75 cm in length, with a 
beveled edge on one end for ease in sediment penetration. 
A schematic of t~e "split- spoon" sediment core sampler 
is given in Figure 3-6. A pair of hose clamps were 
used to hold the split-spoon sampler in place as it was 
inserted into the sediments. In some locations the 
collection tube could be pushed into the sediments by 
HOSE 
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Figure 3-6. Modified split-spoon apparatus used for collection 
of sediment cores. 
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hand while at other 1 ocat ions, a hanmer was used. The 
sediment removal technique consisted of inserting the 
sample collection device into the sediments to a depth of 
approximately 40 cm and then removing it using an upward 
twisting motion. 
Core samples were collected at the eight surface 
water sample stations on March 15, 1985 and May 15, 
1985, and in the isolated control area on March 12, 1985, 
to estimate accumulations of nutrients and heavy metals. 
At the time of collection for the March samples standing 
water was present at most locations in the wetland and 
the soil was completely saturated. However, the period 
from March to May was extremely dry, and by the time of 
collection for the May samples the water table had 
dropped to approximately one meter below the surface. 
The soils on this date were moist but were not inundated. 
Upon removing the split-spoon sampler from the 
sediments, each core sample was il111lediately divided · into 
the following layers: (1) 0-1 cm; (2) 1-5 cm; (3) 5-10 
cm; (4) 10-15 cm; and (5) 15-20 cm. After separation of 
the sample into layers, each of the horizons were stored 
in polyethylene bottles and labeled appropriately. Three 
5.0 cm diameter core samples were collected at each site 
and combined to form a single composite sample for each 
site. The technique of sampling near the surface water 
75 
stations allowed for further collections at a later date 
in the same area and also provided concurrent sediment 
and water quality data at various locations in the 
wetland. Upon return to the Environmental Engineering Laboratory 
at the University of Central Florida, the core samples were 
refrigerated at 4° C until analyses could begin. Analyses for 
moisture content, organic content, tota 1 phosphorus, and 
heavy metals were conducted in triplicate on each layer 
collected at each station. Concentrations of nutrients 
and heavy 
investigate 
discharge 
metals in the 0-1 cm 
the horizontal movement 
to the wet 1 and. The 
layer were used to 
of heavy metals after 
extent of vertical 
migration of nutrients and heavy metals was determined 
using all five sediment core layers. 
Rate Experiments 
Five isolation experiments were conducted to provide 
information on the rates of nutrient and heavy metal 
exchange in flow-through and stagnant systems with and 
without sediment contact. Three 1.0 m diameter and 30 
cm tall isolation chambers were constructed from 5 mm 
semi-rigid polyethylene by forming a ring which was 
fastened using teflon bolts and silicon glue to ensure a 
watertight seal. The rings were then inserted 
approximately 15 cm into the sediments near groundwater 
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monitoring well #2 to completely isolate an area of 
sediments and the overlying water column from the rest of 
the wetland. The chambers were placed close together to 
ensure similar sediment conditions and eff arts were made 
to duplicate as closely as possible the vegetation 
patterns and plant species enclosed within each chamber. 
Thin polyethylene sheet was placed over the sediments in 
one of the chambers (A) so that test waters could be 
isolated from the sediments. The other two chambers (B 
and C) were not modified to allow free contact with the 
sediments. Simulated stormwater solutions were then 
placed inside each chamber and changes in concentrations 
were monitored under various conditions. 
At the initiation of each experiment a synthetic 
stormwater solution was prepared by adding sma 11 amounts 
of concentrated so 1 ut ions · of nutrients and heavy meta 1 s 
to 300 liters of baseflow pumped from the inflow canal 
into a Nalgene barrel. Sufficient nutrient and ·heavy 
metal spikes were added so that concentrations of the 
solution in the barrel were similar to those measured in 
residential runoff. After the solution was mixed, all of 
the standing water inside the isolation chambers was 
removed with a Na 1 gene beaker. Approximately 100 1 i ters 
of the simulated stormwater solution was slowly siphoned 
into each of the isolation tanks with every effort taken 
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not to disturb sediments. The volume of water siphoned 
into each chamber was sufficient to fill each to a height 
of approximately 10-12 cm. Since the mean water level in 
the wetland during these experiments was approximate 1 y 
6-Scm, the additional water added to the chambers 
infiltrated into the sediments, usually within 30 
minutes. This process insured that the water column and 
pore water in the surface sediments would be initially 
similar in chemical characteristics and that no wetland 
water would enter the chamber. Two sample collection 
ports, similar to those described previously for 
collection of surface water samples were permanently 
inserted inside each chamber with tubing extending to a 
location away from the chambers. Sample ports in the 
control chamber, which was isolated from the sediments 
with plastic, were placed on top of the plastic. 
In the first experiment, chamber B was established 
to simulate slow movement of water through the wetland 
with a residence time of 4.6 days using a small pulse 
pump to circulate the water inside the chamber. Tubing 
from one of the sample ports was connected to the suction 
side of the pump with the remaining sample port connected 
to the discharge side. Water within the chamber was then 
pumped out of one sample port and back into the other to 
create a circulation. Chamber C was set up to simulate a 
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stagnant water system, and Chamber A was the control 
system wi th no se d i men t contact. Sam pl es were co 11 e ct e d 
from each isolation chamber after addition of the 
simulated stormwater mixture and then periodically during 
the 18 day experiment generally at 1-2 day intervals. 
The second experiment was set up in the same manner as 
the first with the exception that chamber C was converted 
to the circulation system with chamber B the stagnant 
system. The third experiment was run using the same 
experimental set up as the second experiment with the 
except ion that the residence time was decreased by one-
hal f to 2.3 days. · 
The last two experimental runs were designed to 
examine short-term removal kinetics for pollutant 
concentrations over a 24-hour period. Only chambers A and 
B were used in the simulations. In order to investigate 
the initial rapid uptake by sediments, two refrigerated 
ISCO automatic sequential samplers were used iri the 
sampling process. After the initial input of the 
stormwater solution, a sample was collected, and then 
again at fifteen minutes in an effort to look at rapid 
uptake by sediments. The ISCO sampler was then set to 
take samples every two hours up to a maximum of 25 hours. 
All rate experiment samples were returned to the 
Environmenta 1 Engineering Laboratory at the University of 
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Central Florida for analysis of nutrients, heavy metals, 
and other water quality parameters. 
Laboratory Investigations 
Laboratory investigations during this research were 
divided into the following tasks: (1) water quality 
analyses; (2) a series of algal bioassay experiments to 
examine changes in productivity in stormwater runoff 
during wetland flow; (3) an extraction process which 
allowed determination of the chemical speciation of heavy 
metals and phosphorus in sediment core samples; and (4) 
a series of investigations to determine the influence of 
pH and redox potential on the chemfstry of phosphorus-
related heavy metals in sediments. Each of these 
procedures is described in the following sections. 
Water Quality Analyses 
A summary of the various water quality analyses 
performed on water samples collected during this research 
is given in Table 3-3. Analysis of heavy metals was 
performed on acidified-concentrated samples using a 
direct current arg-on plasma spectroscopic technique on a 
Spectronics Spectrospan Ill. The heavy metals analyzed 
during this research were Cd, Zn, Mn, Cu, Al, Fe, Pb, Ni 
and Cr. All water quality analyses were determined as 
described in Standard Methods and within the time limits 
TABLE 3-3 
PARAMETERS MEASURED DURING INVESTIGATIONS AT THE HIDDEN LAKE WETLAND 
CHEMICAL SAMPLE SAMPLE 
PARAMETER s E GROUNDWATER TYPE* 
BI-WEEKLY EACH EVENT MONTHLY 
pH in field x x in field UF 
Conductivity in field x x in field UF 
Temperature in field in field UF 
Diss. Oxygen in field in field UF · 
ORP in field in field UF 
Alkalinity x x x x UF 
Turbidity x x UF CX> 0 Ammonia x x x x F 
Nitrite x x x x F 
Nitrate x x x X · F 
Organic-N x x x x UF 
Ortho-P x x x x F 
Total P x x x x UF 
Phenol x x F 
TOC x x x x F 
Oil, Grease x x UF 
BOD x x x UF 
Color x x x F 
Total Residue x x x F 
S.S. x x UF 
v.s.s. x x UF 
Total Metals x x x x UF 
Diss. Metals x x x x F 
* UF = unfiltered F = filtered 
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specified by U.S. EPA Methods for Chemical Analysis of 
Water and Wastes (1976). 
Determinations of dissolved orthophosphorus and total 
phosphorus were performed using the Ascorbic Acid 
Digestion Method (425 F) and the Persulfate Digestion 
Method (425 C.III) as described in Standard Methods, 
respectively. A Bausch and Lomb Spectronic 70 
spectrophotometer was used in the colorimetric 
determinations of the phosphorus species. Carbon 
analyses were performed using the combustion-infrared 
analysis technique with a Beckman Model 915-B Total 
Organic Carbon Analyzer. Determinations of total carbon 
and inorganic carbon were made directly with organic 
carbon determined by difference. 
Speciation of Phosphorus and 
Related Heavy Metals in Sediments 
Theoretically, it i s ch em i ca 1 1 y poss i b 1 e to 
partition solid material into specific metal fractions by 
using appropriate procedures. Recently, Tessler et al. 
(1979) reported an improved sequential extraction 
procedure for the spec i at ion of particulate trace meta 1 s 
and phosphorus. The new procedure eliminated many of 
the problems previously reported in single extraction 
procedures. 
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In this procedure, five fractions were extracted and 
are identified as follows: 
1. Soluble - ions contained in water which are trapped 
in interstitial pore spaces. 
2. Exchangeable - ions which are specifically adsorbed 
and are ion exchangeable. 
3. Bound to Carbonates - ions which are associated with 
the precipitate or co-precipitate. 
4. Bound to Iron and Manganese Oxides - Iron and Manganese 
oxides may exist as nodule cement between particles. 
5. Bound to Organic Matter - this includes ions which are 
bound by adsorption or complexation to various forms of 
organic matter such as living organisms, detritus, and 
coatings on mineral particles. 
A detailed description of this extraction process is 
given in Harper (1985). 
Influence of pH and Redox Potential 
on the Chemistry of Phosphorus 
and Related Heavy Metals in Sediments 
The effects of changes in pH and redox potential on 
release of phosphorus-related heavy metals in sediments 
were investigated in a series of experiments conducted 
using a system which allowed regulation of pH and 
automatic control .of redox potential at a pre-selected 
value. A 2 liter, 4 neck, flat bottom reaction vessel 
was used to contain sediment suspensions under selected 
conditions. The apparatus used for incubating sediment 
suspensions is shown in Figure 3-7. As indicated in this 
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figure, each flask was fitted with a platinum electrode, 
a glass electrode for measurement of pH, a thermometer, 
two calomel half-cells, glass inlet tubes for air and 
nitrogen, an outlet tube for allowing gases to escape, 
and a sample port for adding acids or bases during pH 
adjustments or for sampling the sediments after 
completion of incubation. A water trap was used at the 
end of the outlet tube to prevent atmospheric oxygen 
diffusion into the sediments. 
A composite sample of wetland sediment was formed by 
combining equal amounts of core samples collected at each 
of the surface water stations and was used in the 
incubation studies. The combined sediments were mixed 
thoroughly with a p 1 ast ic rod prior to co 11 ect ion of a 
subsample for experimentation to insure a homogeneous 
sample. Moisture content, organic content, total 
phosphorus, and acid-extractable metal concentrations 
were determined on the mixed sample used in each of the 
incubation experiments. Experimentation followed the 
genera 1 out 1 ine given in Harper ( 1985). Each experiment 
was conducted at a specified pH but included incubations 
at four redox potentials ranging from highly oxidized to 
highly reduced: +500 mV, +250 mV, 0 mV, -250 mV. Values 
for pH which were tested included 5.0 and 6.5. 
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Algal Bioassay Procedures 
Sample Collection and Preparation. After completion of 
laboratory analyses, the remaining volumes of collected surface 
water samples were combined by station to form a composite sample 
of surface water at each station during the course of the 
project. These samples were refrigerated in polyethylene 
containers until needed for bioassay experimentation. 
All sample bottles were completely filled to eliminate 
gas exchange and were refrigerated at 4° C to minimize 
biological and chemical changes in water quality. 
In order that a unialgal test species could be used 
in the bioassay experiments, any indigenous algae in the 
sample had to be removed. The removal process involved 
autoclaving the sample at a pressure of 1.1 kg/cm2 ( 15 psi) 
and a temperature of 121° C for 10 minutes per 1 iter 
of sample, provided the total sterilization period was 
not less than 30 minutes. The autoclaving was then 
followed by filtration of the sample through a ·47 mm 
diameter Millipore Acetate filter with a 0.45 micron pore 
size. Treated samples were then stored in f i 11 ed 
polyethylene bottles at 40 c unt i 1 needed. In no case was 
the storage period greater than 24 hours. A 11 samples 
for bioassay use were analyzed for the following 
parameters: (1) pH; (2) conductivity; (3) alkalinity; 
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( 4) ammonia-nitrogen; ( 5 ) 
TKN; 
metal 
nitrate-nitrogen; ( 6) 
nitrite-nitrogen; 
orthophosphorus. 
( 7 ) 
Heavy 
and ( 8) 
analyses 
performed on the samples, which included: 
dissolved 
were also 
(1) cadmium; 
(2) zinc; (3) manganese; (4) copper; ( 5 ) a 1 um i n um ; 
(6) iron; (7) lead; (8) nickel; and (9) chromium. 
Glassware Preparation. Glass ware used as culture bottles 
or in the sample preparation was washed with a stiff bristle 
brush using L iqui-Nox non-phosphate detergent and rinsed 
thoroughly with tap water. All glassware was then rinsed in a 
1: 1 so 1 ut ion of hot hydroch 1 ori c acid foll owed by five rinses 
with ultrapure distilled water. The glassware was then 
dried and covered until used. 
Test Alga and Innoculum Preparation. Selenastrum 
capricornutum Printz, a unicellular test alga was used in all 
of the bioassay experiments as the test organism. A concentrated 
Selenastrum culture was obtained from Carolina Biological 
Supply. Approximately 2.0 ml of the culture was aseptically 
transferred to 200 ml of algal nutrient culture medium in a 1.0 
1 iter Pyrex Erlenmeyer flask. The culture was incubated at 24° C 
under continuous "cool white" fluorescent lighting (400 
ft-candles .:!:. 10%) and shaken continuously at 100 oscillations 
per minute. At approximately two-week intervals, a routine stock 
transfer of 2 ml of alga 1 cul tu re was transferred to a fresh 
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culture medium to maintain a continuous supply of cells for 
experimental work. 
Algal Bioassay Methods. All bioassays were conducted in 
1000 ml narrow-neck Erlenmeyer flasks containing 200 ml of 
sample. Flasks were incubated on an Eberbach table . shaker with a 
modified plywood table top, 160 cm long and 80 cm wide, 
which was constructed to accommodate 66 Erlenmeyer 1.0 
liter flasks. During the bioassay period, the shaker 
table was adjusted to provide 100 oscillations per 
minute. All flasks were fitted with foam plugs to 
prevent contamination and allow for gas exchange. A 
constant temperature of 24° C + 2° was maintained ·in the 
i n cu bat ion room • Constant illumination was provided by 
four "cool white" fluorescent 1 ights which were adjusted 
to provide an illumination of 400 + 10 
-
percent foot-
candles as measured adjacent to the flask at the liquid 
level. 
Algal bioassay experiments were designed to simulate 
a mixture of 25 percent wetland water from each of the 
fixed sample stations mixing into a receiving water 
accounting for the final 75 percent dilution. Hidden 
Lake (colored water, high in nutrients) and Lake Lee 
(non-colored and low in nutrients) were chosen as 
receiving waters for the tests. Triplicate replications 
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of each combination of wetland stations and receiving 
waters were prepared in the culture flasks. All .flasks 
were allowed to equilibrate under test conditions for 24 
hours before innoculation with the algal species to allow 
for the test media used to come to a constant temperature 
and also to allow for equilibrium in gas exchange. 
Culture vessels were then innoculated with 2.0 ml of a 14 
day old algal culture to give an initial chlorophyll "a" 
concentration of approximately 10 ug/L. 
Standing Crop Oeterminat ions. Measurements of growth 
responses were performed by determination of in vivo 
fluorescence of chlorophyll 11 a11 using a Turner Model III Filter 
Fluorometer equipped with a Model 10-030 cuvette holder and 
special photomultiplier tube with enhanced red sensitivity. The 
Model 10-045 blue lamp was chosen as the light source in 
combination with a Model 5-60 primary excitation filter. The 
emission filter used was a Model 2-64 filter as reconmended by 
Turner. Before measurements were taken, each incubation 
flask was swirled to assure a uniform mixing of the 
contents. A grab . sample of approximately 4 ml from each 
flask was collected in a Pyrex 13 x 100 nm test tube for 
measurement in the fluorometer. All test tubes were 
inverted several times before measurement to assure 
uniform distribution of the algae. Only the lX and 3X 
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fluorometer ranges on the fluorometer were used, with all 
values recorded relative to the 3X scale. A 11 sample 
sets were run in triplicate and results obtained in the 
three flasks were averaged (after removal of any 
outliers) for use in the data analysis. In order that 
the bioassay results could be expressed in terms of dry 
cell weight of cell mass per liter of solution, a 
previously prepared calibration curve was used to relate 
relative fluorescence to cell dry weight in mg/L. 
CHAPTER 4 
EXPERIMENTAL RESULTS 
Introduction 
To establish a record on the fate of phosphorus in a 
southern hardwood wetland, a detailed sample collection 
program was conducted in the wetland site at Hidden Lake 
during 1984-85. Samples of rainwater, stormwater, 
wetland surface water, groundwater, Hidden Lake water, 
and wetland sediments were collected from numerous 
sampling points and under various environmental 
conditions. The samples were analyzed for dissolved 
orthophosphorus, total phosphorus, and phosphorus-related 
heavy metals, and the results are presented in this 
chapter. Since the ecological cycling and movement of 
phosphorus is often similar to or regulated by certain 
heavy metals, brief discussions of heavy metals will also 
be included. 
Characteristics of Rainwater 
in the Hidden Lake Wetland 
To establish a record of the concentrations of 
phosphorus entering the Hidden Lake wetland by way of 
direct rainfall, a wet/dry fallout colle~tor was used to 
obtain samples of bulk precipitation at the research 
90 
91 
trailer from March 21, 1985 to December 5, 1985 over a 
wide range of rainfall intensities, durations, and 
antecedent dry periods. Composite rainfall samples were 
collected from a total of 22 separate storm events and 
analyzed over this period for both dissolved 
orthophosphorus and total phosphorus. Total rainfall 
amounts for sampled storm events ranged from 0.38 to 6.00 
centimeters with antecedent dry periods of 0 .1 to 20 .2 
days. 
Measured concentrations of all water quality 
parameters, heavy metals, and rainfall event 
characteristics during each of the individual storm 
events are presented in Appendix I. A surTTTiary of the 
mean chemical characteristics of rainwater collected at 
Hidden Lake is given in Table 4-1. Mean concentrations 
of dissolved orthophosphorus and total phosphorus in 
rainfall were 8.0 and 9.0 ug/L, respectively, with a 
range of values between 2.0 and 14.0 ug/L for dissolved 
orthophosphorus and between 2.0 and 21.0 ug/L for total 
phosphorus. Calculated standard deviations for dissolved 
orthophosphorus and total phosphorus were 2.5 and 4.1 
ug/L, respectively, for the 22 samples analyzed. In 
general, the variability of mean concentrations of 
dissolved orthophosphorus appear to be less than that 
observed for the total phosphorus concentrations. 
TABLE 4-1 
SUMMARY OF MEAN CHEMICAL CHARACTERISTICS OF 
RAINWATER AND STORMWATER COLLECTED AT HIDDEN LAKE 
PARAMETER RAINWATER STORMWATER 
.pH 4.76 5.91 
Cond {µmho/cm) 11 143 
Al k (mg/l) 0.5 66 
Turb (NTU) 0.6 6 
NH3-N ( µg/1) 64 56 
N03-N ( µg/1) 136 68 
Organic N (µg/l) 48 487 .. 
Ortho-P ( µg/1) 8 28 
To ta 1 P ( µg/1 ) 9 72 
BOD (mg/l) 1.1 2.6 
Color (Pt-Co units) 11 85 
Residue (mg/1) 32 135 
SS (mg/1) 1.1 6.2 
\0 
N 
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A plot of concentrations of dissolved orthophosphorus 
in composite rainfall samples collected at the Hidden 
Lake site during 1985 versus time of year is presented in 
Figure 4-1. Although variability is apparent in the 
data, no significant seasonal trends were found. Mean 
values of rainfall pH were found to be relatively low in 
the research area averaging 4. 76 with a seasona 1 range 
between 4.01 and 6.21. 
A probability distribution of event mean concentrations 
of orthophosphorus and total phosphorus in rainfall 
samples collected at Hidden Lake during 1985 is presented 
in Figure 4-2, where the phosphorus concentration is 
plotted on the y-axis. Orthophosphorus concentrations 
appear to approximate a straight line relationship 
indicating a normal and random distribution of 
concentrations for the storm events measured. Measured 
concentrations of total phosphorus in rainfall samples 
also appear to approximate a straight line relationship 
with the exception of two extreme data points 
representative of the two highest measured values. 
C o r r e l at i o n s. b e t we e n r a i n f a 1 l p h o s p h o r u s 
concentrations and rainfall characteristics such as amount, 
intensity, duration and antecedent dry period were performed 
using the PROC CORR package of SAS to examine whether or not 
ra inf a 11 concentrations of phosphorus were influenced by any of 
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Figure 4-1. Concentrations of dissolved orthophosphorus in 
composite rainfall samples collected at the Hidden 
Lake wetland durinq 1985. 
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Figure 4-2. Distribution of phosphorus in rainfall samples 
collected at Hidden Lake during 1985. 
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these parameters. No significant correlations were found between 
orthophosphorus or total phosphorus and any of the measured 
rainfall characteristics suggesting that rainfall concentrations 
of phosphorus are not affected to a significant 
degree by characteristics of the rain event. 
Characteristics of Stormwater Inputs 
to the Hidden Lake Wetland 
Flow weighted composite runoff samples were 
collected from the inflow canal during rain events using 
a refrigerated ISCO automatic sampler. A fl ow recorder 
was used to monitor the quantity of runoff into the 
wetland. Runoff samples were collected from January 18, 
1985 to November 11, 1985 over a wide range of rainfall 
intensities, durations, and antecedent dry periods. A 
total of 24 storm events, including a total of 96 
separate runoff samples were collected and analyzed over 
th i s per i o d for water q u a l i t y parameters and heavy 
metals. Total rainfall amounts for the sampled storm 
events ranged from 0.38 to 6.00 centimeters with 
antecedent dry periods of 0.1 to 20.2 days. 
During the "wet" season, which extends from late 
June to September, hydrologic inputs into the wetland 
flow path through the canal were continuous although 
large variations were measured in flow rate. Flow rates into 
the wetland ranged from as low as 0.10 m3/hour to as 
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large as 350 m3/hour, al though inputs of this larger 
magnitude were rare. Mean flow rate into · the wetland 
during this period was approximately 22.4 m3/hour. This 
corresponds to a calculated mean residence time in the 
1.0 ha flowpath, assuming a mean water depth of 15 cm, of 
6.7 days with a range from 1500 days at the lowest flow 
rate to 0.43 days at the greatest flow rate. Mean 
calculated flow velocity in the flowpath was 0.93 m/hour 
with a range from 0.004 m/hour to 14.5 m/hour. 
Measured concentrations of all water qua 1 ity 
parameters and heavy metals collected during each of the 
individual storm events are presented in Appendix II. A 
sunTnary table of the mean chemical characteristics of the 
residential stormwater runoff has been presented in Table 
4-1. Mean concentrations of dissolved orthophosphorus 
and total phosphorus in stormwater runoff were 28 and 72 
ug/L, respectively, with a range of values between 1 and 
110 ug/L for dissolved orthophosphorus and between 4 and 
598 ug/L for total phosphorus. On the average, 
approximately 39 percent of phosphorus inputs from runoff 
were in a so 1 u.b 1 e available form. The calculated 
standard deviations for dissolved orthophosphorus and 
tot a 1 phosphorus concentrations were determined 
statistically to be 25.7 and 83.4 ug/L, respectively, for 
the 96 samples analyzed. In general, the data suggest 
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that there is less variability in the mean concentrations 
of the dissolved orthophosphorus samples as compared to 
the total phosphorus samples. 
Mass loadings of phosphorus to the Hidden Lake 
wetland originate from both direct inputs of rainfall 
onto the wetland and contributions of runoff from the 
surrounding watershed. Phosphorus loading rates for 
rainfall and runoff inputs into the Hidden Lake wetland 
are presented in Table 4-2. Mass Loadings of phosphorus 
from direct rainfall appear to be relatively low when 
compared to the mass loadings from stormwater runoff 
generated within the contributing watershed. The 
combined loading rates to the wetland from 
were 0.10 g/m2/yr and 0.246 g/m2/yr for 
and total phosphorus, respectively. 
TABLE 4-2 
COMPARISON OF PHOSPHORUS LOADING 
RATES INTO THE HIDDEN LAKE WETLAND 
FROM RAINFALL AND RUNOFF 
LOADING 
RATE 
Rainfall (direct) 
Runoff 
Total Loading Rate 
ORT~O-P (g/m /yr) 
0.011 
0.089 
0.100 
both sources 
orthophosphorus 
TOT~L-P (g/m /yr) 
0.012 
0.234 
0.246 
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A probability di str i but ion of mean concentrations of 
dissolved orthophosphorus and total phosphorus in 
residential stormwater runoff samples collected in Hidden 
Lake during 1985 is presented in Figure 4-3, where the 
phosphorus concentration is plotted on the y-axis. 
Measured concentrations of orthophosphorus and total 
phosphorus appeared to approximate a straight line 
relationship for concentrations above 7 ug/L and 25ug/L, 
respectively, indicating a normal and random distribution 
of concentrations above these lower values. 
Approximately 50 percent of al 1 orthophosphorus 
concentrations were less than 25 ug/L, while 50 percent 
of all total phosphorus concentrations were less than 60 
ug/L. 
A series of correlation 
package using 
relationships 
SAS stat i st i ca 1 
determine if 
analyses were run with the 
the PROC CORR routine to 
exist between residential 
stormwater runoff characteristics and various factors 
such as total rainfall, storm duration, antecedent dry 
period, and storm intensity. For the analyses, a minimum 
of 75 data points for each parameter were used and 
corre 1 at ions determined. A s urnnary of these corre 1 at ions 
is given in Table 4-3. 
Maximum values of the probability of correlation 
were found for all runoff parameters when runoff characteristics 
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Figure 4-3. Distribution of phosphorus in runoff samples collected 
at Hidden Lake during 1985. 
TABLE 4-3 
CORRELATIONS BETWEEN TOTAL RAINFALL, STORM DURATION, ANTECEDENT DRY 
PERIOD, STORM INTENSITY AND RUNOFF CHARACTERISTICS AT HIDDEN LAKE 
TOTAL RAIN* 
PARAMETER CORRELATION PROB. OF 
COEFFICIENT CORRELATION 
pH -0.306 99.3 · 
Cond (µmho/cm) -0.545 99.9 
Al k (mg/1) -0.585 99.9 
Turb (ntu) 0.576 99.9 
Ortho-P (µg/1) 0.553 99.9 
Total P (µg/l) 0.610 99.9 
SS (mg/1) 0.467 99.9 
VSS (mg/1) 0.508 99.9 
* Nunt>er of Observations = 79 
** Number of Observations ~ 75 
DURATION* ANTECEDENT DRY PERIOD** 
CORRELATION PROB. OF CORRE LA TI ON PROB. OF 
COEFFICIENT CORRELATION COEFFICIENT CORRELATION 
0.322 99.6 0.241 96.3 
0.390 99.9 0.195 90.6 
0.345 99.8 0.239 96.1 
0.166 85.5 -0.112 65.9 
0.013 9.9 -0.202 91.7 
0.069 45.5 -0.096 58.5 . 
0.100 61.. 7 0.014 9.3 
0.038 26.0 -0.007 4.6 
INTENSITY* 
CORRELATION PROB. OF 
COEFFICIENT CORRELATION 
-0.208 93.4 
-0.397 99.9 
-0.530 99.9 
-0.007 4.6 
0.305 99.4 
0.150 81.4 
0.003 2.4 
0.038 26.1 
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were correlated with the amount of total rain. 
Dissolved orthophosphorus concentrations appeared to have 
significant positive correlations with both total 
ra i nfa 11 amount and ra i nfa 11 intensity. Total phosphorus 
concentrations in runoff were found to be significantly 
correlated only with total rainfall amount. In fact, 
ea~h of the measured parameters listed in Table 4-3 
including pH, conductivity, alkalinity, turbidity, SS, 
and VSS, were strongly correlated with rainfall amount. 
Significant phosphorus correlations were positive in all 
cases indicating that phosphorus concentrations increase 
as the factors (total rain, etc.) increase. Total 
rainfall volume was found to be positively correlated 
with all parameters listed in Table 4-3 with the 
exceptions of pH, conductivity, and alkalinity. 
It s haul d be noted, however, that even though 
significant correlations were found, calculated values 
for the coefficient of determination indicate that the 
regressions between rainfall characteristics and runoff 
phosphorus concentrations are capable of explaining only 
approximately 37 . percent of the variability in total 
phosphorus concentrations and 31 percent of the 
variability in dissolved phosphorus concentrations. In 
general, it appears that significant but weak 
correlations are present at the wetland site for most 
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runoff ch a r act er i st i cs when correlated with the 
aforementioned parameters. 
Characteristics of Surface Water in 
the Hidden Lake Wetland 
Surface water samples were collected at nine fixed 
stations on a bi-weekly basis from December 1984 to 
December 1985 to characterize average concentrations of 
phosphorus, heavy metals, ' and other water quality 
parameters in the Hidden Lake wetland. The sample 
collection program consisted of 22 sample dates during 
the study period with a total of 88 separate samples 
collected. On twelve of the collect ion dates no surf ace 
water was present for at least seven of the nine fixed 
sampling stations (including the inlet canal weir and the 
control area) during the period from January 13, 1985, to 
July 3, 1985. In genera 1, surface water inputs to the 
wet land during this period infiltrated into groundwaters 
rapidly, and surface water extended only to the 25 m or 
50 m sample station. However from mid July to the end of 
the project in December, surface water was present at 
each of the fixed sample stations. Water quality 
parameters measured at each of the sample stations on 
each sample collection date are listed in Appendix III. 
A summary of mean chemical characteristics of 
surf ace waters a 1 ong the wetland fl ow path and in the 
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control area during the sampling period is presented 
in Table 4-4. In general, mean dissolved orthophosphorus 
concentrations were found to increase with distance along 
the wet 1 and fl owpath. Mean orthophosphorus concentrations 
increased from 28 ug/L at the inlet canal weir to 
76 ug/L at the 150 m sample station, for a relative 
increase of 171 percent during travel through the 
fl owpath area. Mean orthophosphorus concentrations in the 
control area were, in genera 1, much greater than those 
found in the flow path. Elevated concentrations of 
dissolved orthophosphorus in the control area were 
determined to be 364 percent greater than stormwater 
inputs into the wetland and 71 percent greater than the 
maximum flow path value. 
Total phosphorus concentrations followed the same 
patterns · evident for dissolved orthophosphorus. Total 
phosphorus concentrations increased with flow distance 
throughout the wetland area from 59 ug/L at the inlet 
canal weir to 148 ug/L at the 150 m sample stat ion, for a 
net increase of 151 percent as the surface water 
traversed the wetland fl owpath. The mean concentration of 
total phosphorus in the control area, 177 ug/L, was 200 
percent greater than stormwater inputs of total 
phosphorus into the wet 1 and and 20 percent greater than 
the maximum flow path value. Changes in mean phosphorus 
TABLE 4- 4 
SUMMARY OF MEAN CHEMICAL CHARACTERISTICS OF SURFACE WATERS ALONG 
THE FLOW PATH AND CONTROL AREAS IN THE HIDDEN LAKE WETLAND 
PARAMETER FLOW PATH CONTROL 
WEIR 10 m 25 m 50 m 75 m 100 m 125 m 150 m AREA 
pH 6.54 6.43 6.25 6.19 6.02 5.92 5.87 5.65 4.88 
Cond (µmho/cm) 194 183 177 163 150 138 136 112 92 
Di SS. 02 ( mg/1) 7.4 6.7 4.0 2.8 2.0 1.6 1.3 1. 7 0.9 
ORP (mV) 411 380 271 222 168 182 176 173 79 
Al k (mg/l) 79 72 67 61 57 50 50 39 14 
NH3-N (µg/l) 44 41 54 90 95 80 61 56 48 
N03-N (µg/l) 39 43 40 42 36 38 42 35 31 
Organic N (µg/1) 398 364 484 353 360 471 545 713 1163 
Ortho-P ( µg/ 1 ) 28 20 29 32 49 61 54 76 130 
Tota 1 P ( µg/1) 59 48 67 62 85 103 110 148 177 
BOD (mg/l) 1. 7 1.5 1.8 1.4 1. 5 1.3 1.1 1.4 0.9 
Color (Pt-Co units) 73 94 101 109 126 150 172 226 505 
Residue (mg/l) 146 162 149 145 152 156 149 146 178 
SS (mg/1) 2.7 4.0 4.8 4.0 4.7 3.7 3.4 4.6 1.8 
Turb (NTU) 4.6 4.3 5.2 5.7 6.4 5.2 5.2 5.1 2.9 
No. of Samples 20 10 11 8 8 8 7 7 8 
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concentrations during flow through the wetland at Hidden 
Lake are graphically presented in Figure 4-4. 
Large variations were evident between sample dates 
in measured concentrations of dissolved orthophosphorus 
and total phosphorus within the wetland during the study 
period. Calculated standard deviations ranged from 41 
ug/L at the inlet canal weir and 7 ug/L at sampling 
station 7 (125 m) to 78 ug/L in the control area for 
dissolved orthophosphorus. Standard deviations for total 
phosphorus ranged from 50 ug/L at the inlet canal weir 
and 36 ug/L at sampling station 7 (125 m) to 87 ug/L in 
the control area, based on the 88 samples analyzed. In 
general, phosphorus concentrations became more variable 
as wetland flow distance increased, with dissolved 
orthophosphorus variations being less than those of total 
phosphorus. 
A summary of field measured values of pH, dissolved 
oxygen and ORP at the time of sample collection are also 
listed in Table 4-4. Mean pH values were found to 
decrease from 6.54 at the inlet canal weir to 5.69 at the 
150 m location, an overall decrease of 13.0 percent in pH 
value during travel through the wetland flowpath. The 
control area was observed to have depressed pH values in 
relation to the wetland flowpath with a mean pH value of 
4.88. This value was almost two full pH units less than 
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mean values measured in the inflow canal and in 
stormwater and one pH unit less than the minimum mean 
value measured along the wetland fl ow path area. 
Measurements of dissolved oxygen indicated an 
aerobic water column at the weir with a mean value of 7.4 
mg/L. Upon entering the wetland flowpath, dissolved 
oxygen values declined rapidly, beginning at the 25 m 
sampling station and decreasing steadily to the final 
sample location at 150 m, for a total decrease of 77 
percent. Mean oxygen saturation values along the wetland 
flowpath decreased from 87 percent at the weir to 33.5 
percent at 50 m, 18.9 percent at 100 m, and 20.2 percent 
at 150 m. The control area was characterized by chronic 
low levels of dissolved oxygen, with as many as 50 
percent of the ' measured values being below 0.5 mg/L. 
Measurements of ORP indicated a 'moderately reduced' 
environment throughout the wetland flowpath becoming 
increasingly reduced with flowpath distance. Mean values 
of ORP decreased from 411 mV (Eh) at the weir to 173 mV 
(Eh) at a distance of 150 m along the flowpath area. The 
control area, however, was characterized as a 'reduced' 
environment based on a mean ORP value of 79 mV (Eh), with 
75 percent of collected samples having values below 60 mV 
(Eh) • Ch an g es i n pH , a 1 k a 1 in i t y and dissolved oxygen 
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during flow of surface waters through the wetland at 
Hidden Lake are graphically presented in Figure 4-5. 
A plot of changes in mean orthophosphorus concentration 
and percent orthophosphorus in surface waters 
through · the wet 1 and at Hidden Lake during 19 8 5 i s 
presented in Figure 4-6. Dissolved orthophosphorus 
concentrations have been shown to increase with distance 
along the wetland flowpath from 28 ug/L at the weir to 76 
ug/L at a di stance of 150 m a 1 ong the fl owpath area. 
Phosphorus, in the form of dissolved orthophosphorus, is 
the demi nant species present throughout the wet 1 and area 
increasing from 47.5 percent of the total at the weir to 
a maximum of 59.2 percent of the total at a distance of 
150 m along the flowpath. In contrast, the percent 
orthophosphorus increases to 73.4 percent of the total in 
the control area. 
Mean chemical characteristics of surface waters at 
Hidden Lake during the "wet" season, June through · 
September, and the "dry" season, October through May, 
are presented in tables 4-5 and 4-6. Although variations 
occurred in phosphorus concentrations during the study 
period, only small differences in mean values between the 
two seasons were evident in most cases. The analysis of 
variance procedure, ANOVA, of SAS was used to test for 
significant differences in concentrations of 
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PARAMETER 
pH 
Cond (lJTihos/cm) 
Diss Oxygen (mg/l) 
ORP (mV) 
Turb (NTU) 
Inorganic-N (µg/l) 
Organic-N (µ~/l) 
Ortho-P (µg/l) 
Total P (iig/l) 
TOC (mg/1) 
BOD (mg/1) 
Color (Pt-Co Untts) 
Residue (mg/1) 
SS (mq/1) 
No. of samples 
TABLE 4-5 
MEAN CHEMICAL CHARACTERISTICS OF SURFACE WATERS AT HIDDEN 
LAKE DURING THE 11 WET 11 SEASON FROM JUNE-SEPTEMBER 1985 
RAIN- STORM- FLOW PATH 
WATER WATER IO ·m 25 m 50 m 75 m 100 m 125 m 150 m 
4.94 6.39 6.42 6.19 6.19 6.09 5.89 5.H5 6.69 
8 175 176 171 156 149 132 128 110 
-- 8.4 7.9 4.9 3.4 3.0 2.3 1. 7 2.1 
-- 405 401 288 230 204 205 225 220 
0.5 4.4 5.0 5.6 7.3 7.7 6.8 6.6 5.4 
148 92 86 100 139 100 121 115 120 
52 . 403 390 514 . 382 443 517 538 612 
8 32 24 30 35 41 54 53 71 
9 59 49 73 71 76 100 112 134 
1. 5 14.0 13.7 15.0 11.5 14.5 14.6 16.0 18. 9 
1.1 1.2 1.5 1.5 1.2 1.3 1.1 1.1 1.1 
11 74 102 102 113 110 148 187 229 
34 139 165 156 160 1.62 151 153 159 
1.1 2.6 4.0 5.9 5.8 5.9 5.1 4.8 6.9 
9 7 6 6 4 4 4 4 4 
CONTROL HIDDEN 
AREA LAKE 
4.76 5.57 
95 114 
1.2 --
116 --
3.9 1.1 
84 90 
1196 1887 
106 57 
145 184 
51. 9 42.0 
0.9 2.3 
572 499 
181 192 
1.6 6.6 
4 6 
PARAMETER 
pH 
Cond (µmhos/cm) 
Diss Oxygen (mg/1) 
ORP (mV) 
Turb (NTU) 
Inorganic-N {µg/1) 
Organic-N (µg/1) 
Ortho-P ( µg/1) 
Tota 1 P ( µg/1) 
TOC (mg/1) 
BOD (mg/1) 
Color (Pt-Co Units) 
Residue (mg/ 1) 
SS (mg/1) 
No. of samples 
TABLE 4-6 
MEAN CHEMICAL CHARACTERISTICS OF SURFACE WATERS AT HIDDEN 
LAKE DURING THE 11 DRY 11 SEASON FROM OCTOBER 1984-MAY 1985 
RAIN- STORM- FLOW PATH 
WATER WATER 10 m 25 m 50 m 75 m 100 m 125 m 150 m 
4.59 6.64 6.44 6.40 6.20 5.96 5.94 5.91 5.61 
14 204 194 194 171 151 145 148 116 
-- 6.8 4.9 2.8 2.3 0.9 1.0 0.8 1. 2 
-- 414 350 286 214 133 156 111 110 
0.7 4.8 3.1 5.3 4.0 5.1 3.7 3.4 4.8 
276 78 80 98 127 164 116 90 53 
41 395 326 411 324 277 426 556 846 
8 26 14 23 29 57 68 56 83 
10 . 60 47. 58 52 94 105 107 166 
2.6 15.1 18.7 15.6 17.1 19.2 20.8 19.7 23.3 
1.1 1. 9 1.4 2.3 1.6 1. 7 1.5 1.1 1.9 
11 73 82 91 104 141 152 153 223 
28 150 158 142 130 141 161 145 129 
1.1 2.7 4.2 3.3 2.2 3.6 2.4 1. 5 1.6 
13 13 4 I 5 4 4 4 3 3 
-
-
CONTROL 
AREA 
5.13 
89 
0.6 
30 
1.5 
74 
1119 
163 
220 
34.8 
0.9 
415 
175 
2.0 
3 
HIDDEN 
LAKE 
5.58 
99 
--
--
1.4 
46 
1313 
88 
129 
43.0 
1.4 
549 
160 
1.1 
3 
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orthophosphorus and total phosphorus between wet and dry 
seasons. However, no significant differences were found. 
A surrmary of mean heavy metal concentrations of Al 
and Fe in the wetland at Hidden Lake during the sampling 
period is presented in Table 4-7. Dissolved 
concentrations of Al and Fe were found to generally 
increase with increasing distance along the wetland flow 
path, while the particulate fraction, calculated as the 
difference between the total concentration and the 
dissolved concentration, generally declined. This 
behavior suggests that most of the particulate metal 
species are being deposited along the wetland flowpath. 
Mean values of dissolved Al ranged from 139 ug/L at the 
weir to 276 ug/L at a distance of 150 m along the 
flowpath area and 29 ug/L in the control area. Mean 
values of dissolved Fe ranged from 69 ug/L at the weir to 
226 ug/L at a distance of 150 m along the flowpath area, 
to 389 ug/L in the control area. Both constituents 
exhibited increasing soluble fractions with increasing 
distance along the wetland flow path with dissolved 
fractions for Al .increasing from 70.2 to 71.5 percent in 
the flowpath to 89.8 percent in the control area, while 
Fe increased from 63.9 to 79.0 percent in the flowpath 
and to 92.4 percent in the control area. 
STATION 
Weir 
10 m 
25 m 
50 m 
75 m 
100 m 
125 m 
150 m 
Control 
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TABLE 4-7 
SUMMARY OF MEAN ALUMINUM AND IRON 
CONCENTRATIONS FOUND IN THE WETLAND SURFACE 
WATERS AT HIDDEN LAKE 
ALUMINUM IRON PERCENTAGE DISSOLVED 
DISS. TOTAL DISS. TOTAL Al Fe 
139 198 69 108 70.2 63.9 
142 236 78 101 60.2 77.2 
172 282 99 116 61.0 85.3 
148 247 131 154 60.0 85.1 
141 232 162 187 60.8 86.8 
194 300 177 216 64.7 81.9 
193 275 176 249 70.2 70.7 
276 386 - 226 286 71.5 7.9 .0 
241 324 389 421 89.8 92.4 
Multi-port 
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Characteristics of Groundwater 
in the Hidden Lake Wetland 
groundwater sampling devices were 
constructed and installed with sample ports 0.1 m, 0.5 m, 
and 1.0 m beneath the wetland soil surface. A total of 
four monitoring wells were installed with one upstream, 
two in the major flow ·path, and one in the control area. 
Groundwater samples and simultaneous measurements of 
piezometric surface were collected on a monthly basis 
from November 1984 to November 1985 to characterize 
average concentrations of orthophosphorus, heavy metals, 
and water quality parameters in the Hidden Lake wetland. 
The sample collection program consisted of 13 dates 
during the study period with a total of 133 samples being 
collected. Phosphorus and heavy metal concentrations, 
and water quality parameters measured at each of the 
groundwater wells on each collection date are listed in 
Appendix IV. 
A summary of mean chemical characteristics of 
groundwaters at the wetland during the study period is 
presented in Table 4-8. Variations in mean 
concentrations of dissolved orthophosphorus and dissolved 
oxygen, along with pH and ORP, were evident during the 
study period both horizontally throughout the wetland 
area and vertically within each well. Mean chemical 
PARAMETER 
pH 
Cond (µmho/cm) 
Diss. o2 (mg/l) 
ORP (mV) 
Al k (mg/1) 
NH3-N (µg/l) 
N03-N (µg/1) 
Organic N (µg/1) 
Ortho-P (µg/1) 
BOD (mg/1) 
Color (Pt-Co units) 
Residue (mg/l) 
No. of samples 
-
TABLE 4-8 
SUMMARY OF MEAN CHEMICAL CHARACTERISTICS 
IN GROUNDWATERS AT THE HIDDEN LAKE WETLAND 
WELL 1 WELL 2 WELL 3 
UPSTREAM OF FLOW PATH t- .Uvl PAIH 
WETLAND AREA AREA 
0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 
5.05 5.17 5.15 5.96 5.61 5.37 5.42 5.38 5.76 
137 118 115 229 153 128 139 158 290 
0.4 0.1 0.1 3.5 0.1 0.0 0.4 0.5 0.1 
78 76 68 139 83 52 77 107 83 
29 38 42 100 54 42 50 48 122 
107 100 113 386 227 358 159 320 1131 
76 40 46 60 43 83 41 61 68 
572 122 210 300 311 432 567 575 378 
23 40 49 24 25 42 55 31 29 
2.6 1.8 1.8 3.0 2.0 2.8 2.4 1. 7 3.3 
390 205 368 188 173 177 268 268 132 
187 142 172 211 156 126 141 163 238 
11 12 12 10 11 12 10 11 11 
WELL 4 
CONTROL AREA 
0.1 ml0.5 m 1.0 m 
4.84 4.98 5.18 
100 111 135 
0.0 0.2 0 .1 
57 72 27 
16 18 32 
445 982 1238 
14 42 19 
1627 1456 1421 
309 332 429 
3.5 4.7 5.1 
664 713 569 
169 182 201 
11 12 12 
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characteristics of groundwaters at Hidden Lake during the 
"wet" season, extending from June through September, and 
"dry" season, from October through May, are presented in 
tables 4-9 and 4-10. Although variations occurred in 
certain parameters during the study period, only minute 
differences between the two seasons were evident. 
Concentrations of dissolved orthophosphorus in groundwater 
samples collected upstream of the wetland, at 
Well #1, were found to exhibit little variation during 
the study period with peak values occurring during the 
rainy season (April through September) as seen in Figure 
4-7. Mean dissolved orthophosphorus increased from 23 
ug/L at the 0.1 m level to 49 ug/L at the 1.0 ug/L level 
in the upland well, a relative increase of 113 percent. 
Mean pH values followed the same trend as did 
orthophosphorus concentrations, increasing from 5.05 at 
0.1 m to 5.15 at 1.0 m, even though samples collected at 
Well #1 experienced pH values below 5.0 forty-five 
percent of the time during the study period. The upland 
groundwaters were characterized as being in a "reduced" 
state as the ORP decreased from 78 mV at 0.1 m to 68 mV 
at 1.0 m in the upland area, with values below O mV, a 
highly reduced condition, occurring in 17 percent of all 
samples collected. Concentrations of dissolved oxygen 
decreasing from 0.4 to 0.1 mg/L as the depth of 
TABLE 4- 9 
MEAN CHEMICAL CHARACTERISTICS OF GROUNDWATERS BENEATH THE WETLAND AT 
HIDDEN LAKE DURING THE "WET" SEASON FROM JUNE-SEPTEMBER 1985 
WE .L 1 WELL 2 WELL 3 WE 1 4 
PARAMETER UPSTREAM OF FLOW PATH FLOW PATH CONTROL AREA WETLAND AREA AREA 
0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 
pH 4.95 5.08 5.09 6.07 5.61 5.45 5.23 5.22 5.77 4.49 4.80 5.06 
Cond (µmhos/cm) 104 113 108 248 141 126 101 171 253 98 119 129 
Diss Oxygen (mg/1) 1.1 0.2 0.3 2.4 0.4 0.2 0.3 1.8 0.3 0.0 0.9 0.3 
ORP (mV) 97 87 83 233 205 97 127 218 99 138 113 77 
Turb (NTU) 5.3 7.6 19.6 4.0 3.5 3.1 6.7 6.0 1.6 2.1 1.8 2.1 
Inorganic-N (µg/1) 179 111 144 304 205 609 117 233 1494 459 1162 1743 
Organi c-N ( µg/1) 601 214 265 350 375 392 627 895 190 1820 1429 1197 
Ortho-P ( µg/1 ) 40 60 65 37 25 33 52 39 35 230 288 462 
TOC . (mg/1) 19.6 6.2 5.8 14.7 16.2 16.5 28.9 30.1 20.6 68 55 45 
BOD (mg/1) 2.2 1.9 2.1 1.8 1.1 1.2 0.9 0.7 3.0 1.5 3.0 5.1 
Color (Pt-Co Units} 462 180 424 356 328 224 428 396 125 893 901 661 
Residue (mg/1) 212 157 170 188 164 140 138 198 210 225 219 222 
No. of samples 3 3 3 3 3 3 3 3 3 3 3 3 
.-
N 
0 
TABLE 4-10 
MEAN CHEMICAL CHARACTERISTICS OF GROUNDWATERS BENEATH THE WETLAND AT 
HIDDEN LAKE DURING THE "DRY" SEASON FROM OCTOBER 1984-MAY 1985 
WELL 1 . . . . . WE L 2 . . m . 3 WI: 1 4 
PARAMETER UPSTREAM OF FLOW PATH : FLOW PATH CONTROL AREA WETLAND AREA AREA 
0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 0.1 m 0.5 m 1.0 m 
pH 5.10 5.21 5.18 5.92 5.62 5.34 5.50 5.46 5.76 5.00 5.05 5.23 
Cond (11mhos/cm) 149 120 117 221 158 120 151 152 306 100 108 137 
Diss Oxygen (mg/1) 0.1 0.0 0.1 4:0 0.0 o.o 0.0 0.0 0.0 0.1 0.0 0.0 
ORP (mV) 71 73 62 97 37 37 63 65 77 37 59 10 
Turb (NTU) 20.6 35.4 87.4 8.0 5.7 8.0 6.1 7.9 2.0 8.6 8.6 7.6 
Inorganic-N {µg/1) 192 150 165 512 296 387 224 437 1090 460 980 1094 
Organi c-N (µg/1) 560 87 189 275 284 . 447 550 455 448 1572 1466 1505 
Ortho-P (µ g/1) 17 33 44 19 25 45 56 28 27 328 347 418 
TOC (mg/1) 32.3 10. 9. 9.3 17.4 15.3 17.0 18.7 21.5 18.1 38.9 42 .1 47.6 
BOD (mg/1) 2.7 1.8 1. 7 3.6 2.3 3.3 2.9 2.0 3.3 4.0 5.2 5.06 
Color (Pt-Co Units) 363 213 349 116 115 161 222 220 134 606 650 539 
Residue (mg/1) 176 136 173 223 153 121 142 149 249 153 168 193 
No. of samples 8 9 9 7 8 9 7 8 8 8 9 9 
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e O.lm • 
• 0.5m 
• 1.0 "' 
Concentrations of dissolved orthophosphorus 
in groundwater samples collected upstream of 
the wetland area (Well 1) at Hidden Lake. 
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groundwater increased to one meter. During the study 
period, individual dissolved oxygen concentrations were 
determined (in-field) to be 0 mg/L in 67 percent of all 
samples collected, suggesting the existence of an 
anaerobic region in the upland groundwaters below a depth 
of 0.1 m. 
Dissolved orthophosphorus in groundwater samples 
collected at a distance of 25 m along the flowpath of the 
wetland (Well #2) exhibited relatively little variations 
i n con cent rat i on s du r in g the study period as e vi dent in 
Figure 4-8. Mean dissolved orthophosphorus 
con c e n tr at i on s i n creased 7 5 percent i n the ups t re am 
flowpath from 24 ug/L at 0.1 m to 42 ug/L at the 1.0 m 
depth. Mean groundwater pH values in this region 
decreased with increasing depth from 5.96 to 5. 37' a 
relative reduction of 9.9 percent, while the ORP of 
groundwaters in the flowpath also decreased from 139 to 
52 mV in the same area. Reduced conditions were apparent 
at all levels of groundwater near Well 12, especially ·at 
the lower depths, with 27 percent of all samples 
collected having values less than 0 mV, a highly reduced 
condition. Concentrations of dissolved oxygen were 
reduced significantly in the flowpath from 3.5 mg/L near 
the surface to O mg/L at a depth of 1.0 m, resulting in 
an anaerobic state at depths less than 0.1 m. 
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• 1,0 m 
Concentrations of dissolved orthophosphorus 
in groundwater samples collected at 25 m along 
the flowpath (Well 2) at Hidden Lake. 
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Dissolved orthophosphorus collected at 150 m along 
the flowpath of the wetland (Well #3) was found to 
exhibit only small variations in concentration during the 
study period as seen in Figure 4-9. Unlike the 25 m 
well, mean dissolved orthophosphorus concentrations were 
reduced from 55 ug/L to 29 ug/L as the groundwater depth 
increased to 1.0 m, a reduction of 47.3 percent. Mean 
groundwater pH values in this region of the wetland 
increased an average of 6.3 percent from 5.42 at 0.1 m to 
5.76 at a dep~h of 1.0 m. Reduced conditions prevailed 
in the groundwaters, at depths to 1.0 m, as the mean ORP 
values in the area remained quite constant around 80 mV, 
even though values below 100 mV occurred in only 45 
percent of all samples collected. Concentrations of 
dissolved oxygen were again depressed near the anaerobic 
region, decreasing 75 percent from 0.4 to 0.1 mg/L as the 
groundwater depth increased from 0.1 m to 1.0 m. 
Anaerobic conditions apparently exist at depths below 0.5 
m based on measured values of 0 mg/L found in 56 and 82 
percent of the samples collected at depths of 0.5 m and 
1.0 m, respectively. 
Groundwater samples collected in 
(Well #4) exhibited variations 
orthophosphorus concentrations ~t all 
the 0.5 m and 1.0 m sample depths were 
the control area 
in dissolved 
depths, although 
less variable than 
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Concentrations of dissolved orthophosphorus in 
groundwater samples collected at 150 m along 
the flowpath (Well 3) at Hidden Lake. 
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the 0.1 m depth as shown in Figure 4-10. Elevated 
concentrations of dissolved orthophosphorus are apparent 
at all groundwater levels in the control area when 
compared to upstream groundwater concentrations. Mean 
values were found to increase 38.8 percent from 309 ug/L 
at a depth of 0 .1 m to 429 ug/L at the 1.0 m depth. Mean 
groundwater pH values remained quite low, with a slight 
increase with increasing depth. The ORP of groundwaters 
in the control area declined to 27 mV at the lower 
groundwater depths, characteristic of a "reduced" 
environment (25 percent of all measured values were less 
than O mV). Sma 11 variations occurred in concentrations 
of dissolved oxygen with all values remaining at or under 
0.2 mg/L. This again leads to the suggestion that an 
anaerobic environment exists in the control area 
apparently at depths greater than 0.1 m, based on 
measured values. Color concentrations followed the same 
pattern seen with orthophosphorus, with concentrations 
ranging between 569 at 0.1 m to 713 Pt-Co units at 1~0 
m, a significant increase over values found in the 
fl owpath area. 
Comparisons of mean dissolved orthophosphorus, pH 
and ORP in the wetland flow path and control areas at 
Hidden Lake are given in Figure 4-11. Dissolved 
orthophosphorus concentrations were found to increase 
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Figure 4-10. Concentrations of dissolved orthophosphorus 
in groundwater samples collected in the control 
area (Well 4) at Hidden Lake. 
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Figure 4-11. Comparisons of orthophosphorus, pH, and ORP in flowpath and control areas at 
Hidden Lake. 
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with increasing depth in both areas, yet concentrations 
in the control area remained extremely elevated over 
those found in the flow path. In general, pH values in 
groundwaters decreased with increasing depth in the fl ow 
path area. Mean pH values in the control area 
groundwaters appear to be lower, although increasing with 
depth. Reduced conditions were prevalent throughout the 
wetland with groundwaters being characterized as 
"moderately" reduced in the upstream and flow path areas 
whereas groundwaters in the control area tended to range 
between a "reduced" and "highly reduced" condition. 
Dissolved oxygen concentrations were found to decrease 
with both groundwater depth and wetland flow distance, 
experiencing increasing anaerobic state as traversing 
di stance through the wet land and groundwater depth 
increased. Values of ORP, coupled with the low 
concentrations of di sso 1 ved oxygen and pH, tend to 
provide an optimum environment (reduced) with which 
orthophosphorus can be released from a complexed form to 
the readily available dissolved form, as evidenced by 
comparisons of fl ow path and control area concentrations 
of dissolved orthophosphorus. 
Average measurements 
monitoring wells in the 
is presented in Table 
of 
Hidden 
4-11. 
piezometric surface at 
Lake wetland during 1985 
A distinct seasonal 
PERIOD 
January-March 
Apri 1-June 
July-September 
October-December 
TABLE 4-11 
AVERAGE MEASUREMENTS OF PIEZOMETRIC SURFACE AT 
MONITORING WELLS JN THE HIDDEN LAKE WETLAND DURING 1985 
PIEZOMETRIC SURFACE {m, MSL) 
WELL 1 WELL 2 WELL 3 WELL 4 {UPLAND) {FLOW PATH) (FLOW PATH) (CONTROL) 
11.430 11. 322 11.321 11. 320 
11.235 11. 200 10.978 11.083 
11. 688 11.669 . 11. 452 11.453 
11. 788 ll. 712 11. 545 11.515 
HIDDEN 
LAKE 
11. 313 
11.131 
11.514 
11. 491 
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variation in groundwater flow was evident between the 
upland areas and Hidden Lake. During the period from 
January through March and October through December, a 
decreasing piezometric gradient was observed with 
groundwaters flowing from the upland areas to Hidden 
Lake. In contrast, during the period from April through 
September, a dual gradient was noted, with groundwaters 
flowing from the upland areas and Hidden Lake to the 
wetland flow path area (Well #3). Mean piezometric 
values in the Hidden Lake wetland decreased through June 
1985 before increasing with the start of the rainy 
season, reaching a maximum stage in November. 
Characteristics of Sediments 
in the Hidden Lake Wetland 
Sediment analyses were conducted on core samples 
collected near the sample stations in the flow path and 
control areas to characterize the deposition and 
attenuation of heavy metals and phosphorus. Each core 
sample was divided into the foll owing layers: (1) 
0-1 cm; (2) 1-5 cm; (3) 5-10 cm; (4) 10-15 cm; and 
( 5) 15-20 cm. Three 5-cm diameter samples were 
collected at each fixed station and combined to form a 
single sample for each station. Each layer was analyzed 
for extractable heavy metals, moisture content, organic 
content, and phosphorus. 
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Patterns of deposition and accumulation of 
phosphorus as well as moisture 
top 20 cm along the wetland 
and organic content in the 
flow path were investigated 
at each of the fixed sample stations and are presented in 
Figure 4-12. Sediment . phosphorus concentrations were 
found to increase substantially to a distance of 75 m 
from the inlet canal weir after which they declined 
slightly throughout the remainder of the wetland 
fl owpath. Mean concentrations of phosphorus in each of 
the five measured layers in the top 20 cm of the wetland 
and control areas are presented in Table 4-12 for each of 
the two sample dates. In general, concentrations of 
phosphorus in the wetland sediments appear to be retained 
within the top 10 cm with rapid decreases in phosphorus 
concentrations with increasing depth. The control area 
exhibited generally lower sediment phosphorus 
concentrations than those measured along the flowpath 
area, a 1 though concentrations in the 1 owe st 1 ayer 
measured, 15-20 cm, were similar in both areas. 
Moisture content and organic content in the 
sediments increased rapidly to a distance of 25 m, after 
which both parameters remained relatively constant with 
some slight fluctuations occurring. Both constituents 
were also found to increase slightly with an increase in 
sediment depth. 
-~ 
z 
fJJ 100 
:E 
0 
fJJ 1200 (/) 
>- • a: 0 0 
at 
....... 1000 
"' ~
z 
0 
~ 100 
c( 
-a: i-~ 
-z 
• 90 fJJ fJJ 0 100 (!) c( z !z 0 0 fJJ 
0 (/) e - SEDIMENT P CONC. a: :::> fJJ ~ 400 ex: 0. lJJ 0::: n ::c o- MOISTURE CONTENT (~.) ex: CL (/) 
.....J 0 0 ::c 100 0::: 0. 
·-
ORGANIC CONTENT (~o) t-
::::: ~ 0 
z u 
fJJ 
2 0 
0 20 40 10 10 100 120 MO 110 
fJJ 
(/) DISTANCE ALONG WETLAND FLOW PATH (m) 
Figure 4-12. Patterns of sediment phosphorus, moisture content and orqanic content in the 
wetland treatment system. 
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w 
~ 
SEDIMENT LAYER 
3/12/851 
0-:- 1 cm 
1- 5 cm 
5-10 cm 
10-15 cm 
15-20·. cm 
5/16/852 
0- 1 cm 
1- 5 cm 
5-10 cm 
10-15 cm 
15-20 cm 
TABLE 4-12 
MEAN SEDIMENT PHOSPHORUS CONCENTRATIONS IN VARIOUS LAYERS 
WITHIN WETLAND AND CONTROL AREAS AT HIDDEN LAKE, FLORIDA 
SAMPLING PHOSPHORUS CONCENTRATION {µg/g dry wt) 
WEIR 10 m 25 m 50 m 75 m 100 m 125 m 150 m 
27 444 1836 1589 1928 1104 1916 1722 
27 524 1833 1376 1869 851 1357 1137 
15 1461 1459 1225 1380 1128 933 983 
57 1447 630 812 163 781 528 705 
16 466 296 318 657 751 360 486 
164 85 1472 2011 1878 1713 1660 1302 . 
158 123 1212 1878 1620 1264 1481 1153 
61 320 520 932 952 665 928 877 
72 602 464 939 653 306 551 416 
66 852 389 355 444 299 305 272 
NOTES: 1. Saturated soil conditions 
2. Unsaturated soil conditions 
CONTROL 
AREA 
1027 
841 
473 
558 
416 
1035 
742 
684 
507 
312 
..... 
w 
U1 
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Chemical Speciation of Phosphorus 
and Heavy Metals in the Wetland Soils 
Each sediment core was also carried through a series 
of sequential extraction procedures to examine the type 
of chemical associations and stability of phosphorus and 
metal species in the sediments. This procedure all owed 
sediment associations to be divided into fractions of 
soluble, exchangeable, bound to carbonates, bound to 
Fe/Mn oxides, and bound to organic matter. It is 
generally believed that the stability of sediment 
associations increases in the same order. 
Comparisons of sediment speciations of P, Fe, Mn, 
and Al in flow path and control areas in the top 20 cm in 
the Hidden Lake wetland are presented in Table 4-13. P 
and Al, and to a lesser extent Fe, were found to be 
primarily bound to sediments in association with organic 
matter such as peat. These associations are considered 
to be stable and inmune to the effects of pH and redox 
potential. However, Al and especially Fe also were found 
to have significant associations with Fe/Mn oxides, which 
can potentially solubilize under reduced conditions. 
Speciat ion of sediment-bound phosphorus in flow path 
and control areas by layer in the Hidden Lake wetland is 
presented in Table 4-14. Phosphorus was found to be 
bound to the greatest extent with organic matter 
TABLE 4-13 
COMPARISONS OF SEDIMENT SPECIATIONS OF P, Fe, Mn AND Al 
IN FLOW PATH AND CONTROL AREAS IN THE HIDDEN LAKE WETLAND 
p Fe Mn 
METAL SPECIATION F OW CONTROL FLOW CONTROL FLOW CONTROL 
PATH AREA PATH AREA PATH AREA 
Soluble 1.0*· 1. 5 0.1 0.2 0.3 0.2 
Exchange 1.3 2.0 0.4 1.0 48.3 53.2 
Bound to Carbonates 3.8 2.5 0.6 0.5 14.5 19.0 
Fe/Mn Oxides 7.9 10.3 45.0 31. 5 22.2 17·2 
Organic Bound 86.0 83.7 53.9 66.8 . 14. 7 10.4 
Total Metal 100.0 100.0 100.0 100.0 100.0 100.0 Released 
* All values given as percent 
Al 
FLOW CONTROL 
PATH AREA 
0.2 0.3 
0.5 0.7 
2.3 1. 5 
12.9 9.5 
84.1 88.0 
100.0 100.0 
TABLE 4-14 
SPECIATION OF SEDIMENT-BOUND PHOSPHORUS IN FLOW 
PATH AND CONTROL AREAS BY LAYER IN THE HIDDEN LAKE WETLAND 
SEDIMENT CORE PHOSPHORUS RELEASED (µg/g) TOTAL 
TYPE LAYER RELEASE SOLUBLE EXCHANGE CARBONATES Fe/Mn ORGANIC ( µg/ g) 
Flow Path 0- 1 cm 1. 97 2.49 17.0 66.0 400 487.5 
3/15/85 1- 5 cm 2.46 3.21 12.2 22.8 499 539.7 
5-10 cm 3.12 5.37 17.5 26.8 580 632.8 
10-15 cm 6.87 9.12 21.9 35.2 303 376.1 
15-20 cm 7.95 9.34 18.6 31.8 208 275.7 
Flow Path 0- 1 cm 2.87 8.97 16.1 44.7 366 438.6 
5/ 15/85 1- 5 cm 3.36 9.85 11. 7 41. 5 211 277.4 
5-10 cm 6.25 12.00 16.2 45.7 260 340.2 
10-15 cm 5.04 13.00 13.9 43.7 253 328.6 
15-20 cm 3 .. 67 11.20 8.3 25.5 207 255.7 
Contra 1 Area 0- 1 cm 3.86 6.59 15.3 64.2 734 824.0 
3/12/85 1- 5 cm 7.46 12.20 20.3 63.5 743 846.5 
5-10 cm 26.60 35.60 36.8 135.0 580 814.0 
10-15 cm 10.40 9.04 15.3 73.3 584 692.0 
15-20 cm 4.59 11. 70 3.4 36.2 378 433.9 
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associations in the sediments. However, phosphorus was 
also found to have significant associations with Fe/Mn 
oxides as well. Fluctuations in the spec1ation of total 
sediment-bound phosphorus within the flow path area was 
found to be negligible between the two sampling periods 
representing saturated (3/12/1985) and unsaturated 
(5/15/1985) soil conditions. The total sediment-bound 
phosphorus released from control area soi 1 s by the 
extract ion procedures was found to be greater than the 
release from soils in the flowpath area. 
Sediment core samples were also incubated under 
various conditions of redox potential and pH to 
investigate the effects of changes in sediment conditions 
on the stability of metal-sediment associations. The 
results of the incubations with respect to P, Fe, and Al 
are presented in Figure 4-13. Under oxidized conditions, 
both phosphorus and a 1 uminum were released to a lesser 
degree at a pH of 6.5 than at 5.0. For aluminum, the 
release from the sediments was approximately 6 percent of 
the total sediment concentration at a pH of 5.0 and 1 
percent at a pH of 6.5. However, for phosphorus, the 
release was 16 percent at a pH of 5.0 and 8 percent at a 
value of 6.5. Iron was substantially more soluble at the 
lower pH of 5.0 under reduced conditions. 
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Figure 4-13. Release · of phosphorus, iron and aluminum from 
wetland sediments under various combinations 
of redox potential and pH. 
Five 
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Rates of Nutrient and Heavy Metal 
Exchange in the Hidden Lake Wetland 
isolation experiments were conducted to 
provide information on the rates of nutrient and heavy 
metal uptake in flow-through and 
and without sediment contact. 
stagnant systems, with 
A simulated stormwater 
solution was prepared with nutrient and heavy metal 
concentrations similar to those measured in residential 
stormwater runoff. Two sample collect ion ports, similar 
to those described previously for collection of surface 
water samples, were permanently installed inside each 
chamber. A thin polyethylene sheet was placed over the 
sediments in one of the chambers (A) so that test waters 
could be isolated from the sediments. The other two 
chambers (B and C) were modified to allow free contact 
with the wetland sediments. Simulated stormwater 
solutions were then placed inside each chamber and 
changes in concentrations were monitored under various 
conditions. 
In the first experiment, chamber B was established 
to simulate slow movement of water through the wetland 
with sediment contact at a residence time of 4.60 days, 
chamber C was used to simulate sediment contact in a 
stagnant water system, and chamber A was used to as a 
control system (circulation with no sediment contact). 
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Samples were collected from each isolation chamber after 
additions of the simulated stormwater mixture and then 
seven additional times during the 18-day experimental 
duration (10/17/85 11/04/85), generally at 1-2 day 
intervals. 
The removal of dissolved orthophosphorus in the 
first long-term isolation experiment, with and without 
sediment contact and circulation, is presented in Figure 
4-14. The chambers with sediment contact were found to 
be more effective in removing dissolved orthophosphorus 
when compared to the control chamber with no sediment 
contact. Both of the chambers with sediment contact 
reduced phosphorus concentrations from an initial value 
of 275 ug/L to approximately 25 ug/L while the chamber 
without sediment contact decreased to only about 70 ug/L. 
The chamber with circulation produced an ultimate 
orthophosphorus removal of 88 percent, while the stagnant 
chamber removed 91 percent and the control with no 
sediment contact removed 77 percent. During this 
experiment, however, the ci rcul at ion chambers were found 
to contain small leaks which allowed some of the 
simulated stormwater to mix with the surrounding wetland 
waters. 
The second 
manner as the 
rate 
first 
experiment 
(residence 
was 
time 
set-up in 
of 4.60 
the 
days) 
same 
with 
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Figure 4-14. Removal of dissolved orthophosphorus in long-term 
isolation experiments at Hidden Lake with and 
without sediment contact and circulation {10/17/85-
11/04/85). 
the exception that 
circulation system 
system. The removal 
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chamber C 
and chamber 
of dissolved 
was converted 
B became the 
orthophosphorus 
to the 
stagnant 
in this 
sequence of isolation experiments is presented in Figure 
4-15. The most prominent removal of phosphorus (97.7 
percent) occurred in the chamber with circulation and 
sediment contact. The stagnant system, with sediment 
contact, was found to be the least effective in removing 
dissolved orthophosphorus with an ultimate removal of 
87 .8 percent, although this is in itself quite a large 
reduction in concentration from the initial dosage. 
A 1 though the chambers with and with out sediment contact 
eventually reached similar equi 1 ibrium orthophosphorus 
values near 25 ug/L or less, the reduction occurred much 
more quickly with sediment contact. It should be noted 
that even though the input concentration was increased to 
310 ug/L, equilibrium concentrations were similar to the 
previous experiment. The majority of removal in chambers 
with sediment contact occurred within 24 hours, while the 
chamber without sediment contact declined slowly over 14 
days. System leakage in the chambers was again evident 
near the end of the experiment (days 9-14). 
In third rate experiment, the same experimental set-up 
as the second experiment was used with the residence 
time being decreased two-f o 1 d to 2. 3 days. The res u 1 ts 
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Figure 4-15. Removal of dissolved orthophosphorus in long-term 
isolation experiments at Hidden Lake with and without 
sediment contact (11/08/85-11/22/85). 
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are presented in Figure 4-16 and exhibited the following 
relationship among the phosphorus removal rates: 
circulation > no circulation > no sediment contact 
(sediment) (sediment) 
(contact) (contact) 
The removal rates for dissolved orthophosphorus in the 
above mentioned isolation chambers are 82 percent, 74 
percent, and 58 percent, respectively. The greatest 
remova 1 of dissolved orthophosphorus was found to occur 
within the first 24 hours of the experimental incubation 
(Figure 4-16) . after which removal rates declined slowly 
until an equilibrium phosphorus concentration near 25 
ug/L was reached. 
The final two experimental runs were designed to 
examine the short-term removal kinetics of pollutant 
concentrations over a 24-hour incubation period. Only 
isolation chambers A and B were employed in the 
simulations. In order to investigate the initial rapid 
uptake of orthophosphorus by the sediments, two 
refrigerated ISCO automatic sequential samplers were used 
in the sampling process. The results of the two design 
runs are given in tables 4-15 and 4-16 and graphically 
presented in Figure 4-17. The removal potential for 
dissolved orthophosphorus was found to be greatest in the 
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Figure 4-16. Removal of dissolved orthophosphorus in long-term 
isolation experiments at Hidden Lake with and without 
sediment contact (11/22/85-12/06/85). 
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TABLE 4-15 
CHANGES IN WATER QUALITY CHARACTERISTICS IN ISOLATION 
CHAMBERS WITH AND WITHOUT SEDIMENT CONTACT FOR 
EXPERIMENTS CONDUCTED ON JANUARY 21, 1986 
INCUBATION ALKALINITY COLOR ORTHO-P PERIOD pH 
(HRS) (mg/l) (Pt-Co Units) (µg/l) 
0.00 6.88 70.6 16 229 
0.25 6.95 68.2 58 170 
1.00 6.38 67.6 67 154 
3.00 6.26 65.9 113 137 
5.00 6.25 65.1 72 121 
7.00 6.21 63.3 80 107 
9.00 6.34 61.6 80 100 
11.00 6.25 60.5 89 87 
13.00 6.15 56.9 92 83 
15.00 6.40 56.3 110 80 
17.00 6.38 55.3 110 73 
19.00 6.18 53.7 115 64 
21. 00 6.25 53.4 124 61 
23.00 6.31 54.2 124 58 
25.00 6.18 53.7 127 57 
0.00 6.88 70.6 16 229 
1.00 6.68 73.2 25 219 
3.00 6.35 71.6 21 213 
5.00 6.75 72.6 16 208 
7.00 6.54 71.1 46 205 
9.00 6.61 71.4 50 201 
11.00 6.58 70.l 50 197 
13.00 . 6. 68 72.1 53 192 
15.00 6.63 71.8 58 187 
17.00 6.68 71.l 67 140 
19.00 6.62 68.6 70 129 
CHAMBER 
With 
Sediment 
Contact 
Contro 1, 
No 
Sediment 
Contact 
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TABLE 4-16 
CHANGES IN WATER QUALITY CHARACTERISTICS IN ISOLATION 
CHAMBERS WITH AND WITHOUT SEDIMENT CONTACT FOR 
EXPERIMENTS CONDUCTED ON JANUARY 23, 1986 
INCUBATION 
. ALKALINITY COLOR ORTHO-P PERIOD pH 
(HRS) (mg/1} (Pt-Co Units) (µg/l) 
0.00 6.26 71.4 18 202 
0.25 6.99 69.0 51 160 
1.00 6.75 68.5 59 143 
3.00 6.70 68.3 66 134 
5.00 6.40 65.8 80 114 
7.00 6.35 63.3 88 104 
9.00 6.27 63.2 99 90 
11.00 6.31 60.9 102 85 
13.00 6.34 59.1 107 80 
15.00 6.27 59.7 116 73 
17.00 6.36 58.9 121 64 
19.00 7.25 58.4 128 57 
21.00 6.58 53.7 134 51 
23.00 6.27 53.0 137 50 
0.00 6.26 71.4 18 212 
1.00 6.35 70.0 21 209 
3.00 6.48 70.3 26 207 
5.00 6.29 72.1 33 205 
7.00 6.47 70.8 43 206 
9.00 6.56 71.6 51 203 
11.00 6.49 71.1 56 202 
13.00 6.43 69.5 63 200 
15.00 6.45 72.7 68 199 
17.00 6.58 73.8 71 195 
19.00 6.52 72.9 82 189 
21.00 6.48 70.9 94 187 
23.00 6.45 70.3 102 186 
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Figure 4·17. Changes in concentrations of dissolved orthophosphorus 
in isolation chambers with and without sediment 
contact over a 24-hour period. 
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experiments involving direct sediment contact. In both 
experiments the removal potential of the system with 
sediment contact averaged 75 percent whereas the removal 
potential of the system without sediment contact averaged 
only 15 percent during the 24-hour experimental 
incubation period. Values of pH ranged between 6.20 and 
7.25 during the experiments. Color concentrations 
increased significantly throughout the incubation period 
with an average increase of 677 percent for the two 
experiments with sediment contact and 402 percent in the 
non-sediment contact system. Both experiments behaved 
similarly with respect to the short-term removal kinetics 
of dissolved orthophosphorus. The removal of phosphorus 
from the systems was found to reach an "equilibrium 
concentration" of approximately 50 ug/L within the 
wetland system after an incubation period of 24 hours. 
Changes in Algal Productivity 
of Stormwater Runoff During Flow 
Through the Hidden Lake Wetland 
Two algal bioassay experiments were conducted to 
evaluate changes in algal productivity during surface 
water flow through the wetland at Hidden Lake. 
Selenastrum capricornutum Printz, a unicellular test alga 
was selected as the test organism in all of the bioassay 
experiments. In order that a unialgal test species could 
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be used, any indigenous algae in the composite surface 
water samples had to be removed from the culture, this 
was done through autoclaving of the samples. 
Algal bioassay experiments were designed to simulate 
a mixture of 25 percent wetland surface water from each 
of the fixed sample stations mixing into a receiving 
water accounting for the final 75 percent dilution. 
Hidden Lake (a highly colored water, high in nutrients) 
and Lake Lee (a non-colored water, low in nutrients) 
were chosen as the receiving waters for the tests. Water 
quality characteristics for the composite wetland and 
receiving water samples used in the algal bioassay 
experiments is presented in Table 4-17. Concentrations 
of dissolved orthophosphorus, TOC, and color in the 
composite samples were found to increase with flow 
distance within the wetland, whereas pH values remained 
within the neutral range. 
The growth responses of Selenastrum in composite 
surface water samples with Hidden Lake as the receiving 
water is graphically presented in Figure 4-18. Cell dry 
weight of Selenastrum in the Hidden Lake control culture 
produced a maximum yield of 6.14 mg/L of dry cell weight 
after 5 days. In general, the cell yield decreased as 
the distance along the flowpath increased. The growth 
responses of the composite wetland samples along the flow 
TABLE 4-17 
WATER QUALITY CHARACTERISTICS FOR COMPOSITE WETLAND AND RECEIVING WATER 
SAMPLES USED IN THE ALGAL BIOASSAY EXPERIMENTS {FEBRUARY 1986) 
PARAMETER STORM- FLOW PATH CONTROL HIDDEN WATER 10 m 25 m 50 m 75 m 100 m 125 m 150 m AREA LAKE 
pH 6 . .75 6.92 6.95 6.67 6.65 6.78 6.77 6.79 6.81 7.89 
Cond (µmhos/cm) 136 143 · 132 133 118 113 124 115 123 142 
Al k {mg/1} 33.7 49.5 51.6 42.3 49.5 54.8 46.3 51.6 49.5 55.8 
Organic-N {µg/l) 299 296 281 352 377 367 337 498 1220 1322 
Inorganic-N {µg/l) 72 54 50 65 56 80 119 122 101 233 
Ortho-P {µg/l) 25 18 24 25 40 54 61 77 122 54 
TOC {mg/1) 10.2 7.4 11.0 12.4 14.0 13.9 14.4 16.4 36.7 39.1 
Color {Pt-Co Units) 69 85. 80 85 112 127 109 214 583 489 
Metals (l:!g/l} 
Cd 4.9 6.7 4.2 5.3 5.3 14.1 4.9 5.0 4.4 3.1 
Zn 13 15 13 16 22 26 22 21 38 31 
Mn 2 2 9 3 4 2 2 2 9 4 
Cu 57 46 77 56 42 45 56 76 131 32 
Al 170 140 108 167 155 156 125 164 299 273 
Fe 93 92 97 135 171 160 128 201 513 291 
Pb 26 31 29 33 36 28 24 23 19 12 
Ni 4.0 4.8 7.3 5.8 5.0 6.0 3.1 7.1 2.1 2.9 
Cr 2.0 3.9 3.1 5.4 5.2 4.7 4.1 3.7 2 .. 8 2.8 
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Figure 4-18. Growth responses of Selenastrum caoricornutum 
in bioassay experiments us1ng various mixtures 
of Hidden Lake water and composite wetland 
samples collected along the flowpath. 
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path observed the following order with respect to maximum 
yield: 
10 m > Weir > 50 m > 75 m > 125 m > 25 m > 150 m > 100 m 
with the control area producing a maximum yield 
equivalent to that of the sampling station at 150 m. 
Changes in maximum algal production as a function of 
distance along the flowpath in the wetland at Hidden Lake 
is presented in Figure 4-19. The results indicate that 
the growth yield of Selenastrum is relatively low 
throughout the wetland area (maximum yield approximately 
6.14 mg/L) and that, based on algal cell dry weight, the 
growth response decreases with distance along the 
flowpath (approximately 10 percent) in contrast to the 
increase in concentration of dissolved 
with distance along the wetland flowpath. 
The second algal bioassay experiment 
Lee, an o 1 i gotroph i c water body, as the 
used in the composite culture mixtures. 
Selenastrum 
orthophosphorus 
utilized 
receiving 
Lake 
water 
Results of the 
are graphically experimental assay· using 
depicted in Figure 4-20. The algal productivity based on 
maximum yield was found to be very low, with the greatest 
yield 2.06 mg/L dry cell weight, occurring rapidly in 
only three days within th·e 125 m sample culture. 
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Fi·gure 4-29., Growth responses of Sel enastrum capri cornutum 
in bioassay experiments using various mixtures 
of Lake Lee water and composite wetland samples 
collected along the flowpath. 
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Hidden Lake as the 
the Lake Lee water 
distance through the 
observed the foll owing 
Contrary to the trend observed using 
test water, algal productivity in 
increased with increasing travel 
wetland. Maximum growth responses 
order: 
125 m > 150 m = 100 m > 75 m > 50 m > 10 m > Weir > 25 m 
Changes in maximum algal production in · bioassay 
experiments conducted using composite water samples 
collected along the flowpath in the wetland at Hidden 
Lake is presented in Figure ' 4-21. The experimentation 
indicates that the productivity of a nutrient poor 
receiving water body is greatly influenced by the 
concentrations of constituents (nutrients, heavy metals, 
and toxic elements} found in the surface waters within 
the wetland. 
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Figure 4-21. Changes in maximum algal production in bioassay experiments conducted using 
composite water samples collected along the flowpath in the wetland at 
Lake Lee. 
CHAPTER 5 
DISCUSSION 
The discussion of experimental results contained in 
this chapter is intended to present a logical progression 
of the fate of phosphorus in a particular southern 
hardwood wetland. It will begin with a review of the 
rainfall characteristics present at the study site 
followed by the characterization of stormwater inputs to 
the wetland providing comparisons with other nationally 
published studies. The fate of phosphorus in wetland 
surface waters and groundwaters will also be examined. 
Metal-phosphorus-sediment interactions will be used 
to evaluate the metal-phosphorus fixation onto the 
sediment layers and the potential for phosphorus to be 
released from the sediments. Kinetic rate experiments 
will be evaluated to provide information on the rates of 
phosphorus uptake in flow-through and stagnant w~tland 
systems, with and without sediment contact, to aid in 
development of design criteria. Finally, changes in 
a 1ga1 product i vi t y w i 11 be exp 1 o red during surface water 
flow through the wetland at Hidden Lake. 
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Characterization of Rainwater 
in the Hidden Lake Wetland 
Dissolved orthophosphorus was determined to be the 
most conman form of phosphorus present in direct rainfall 
measurements at the Hidden Lake wetland during the study 
period, averaging 8 ug/L. The dissolved fraction 
accounted for 89 percent of mean phosphorus inputs from 
direct rainfall to the wetland on an annual basis, with 
variability in mean concentrations of dissolved 
orthophosphorus being less than that for total phosphorus 
concentrations. Although variability was apparent in the 
data, no significant seasonal trends were found. 
Direct ra i nfa 11 to the wet 1 and is characterized as 
being acidic in nature and low in nutrient and pollutant 
concentrations. Mean chemical characteristics were very 
similar to results reported by Wanielista, et al. {1977) 
for rainwater collected from various locations in 
Orlando, Florida. Both dissolved orthophosphorus and 
total phosphorus were found to have normal and random 
distributions for the storm events measured throughout 
the study period. 
As discussed ·previously, various correlations were 
performed to determine if phosphorus concentrations, 
dissolved and total, were correlated with factors such as 
rainfall amount, intensity, duration or antecedent dry 
162 
period. No significant relationships were found 
suggesting that 
are randomly 
concentrations of phosphorus in rainfall 
distributed and not affected to any 
significant degree by characteristics of the rain event. 
Characterization of Residential Stormwater Runoff 
Particulate phosphorus was determined to be the 
predominant phosphorus species present in residential 
stormwater runoff samples collected at the study site, 
accounting for 61 percent of mean phosphorus inputs to 
the wetland on an annual basis. In general, the data 
suggests that 
concentrations 
to dissolved 
there 
of tota 1 
is more 
phosphorus 
variability was 
orthophosphorus 
apparent in the 
seasonal trends were found to occur. 
variability in mean 
samples when compared 
samples. Although 
data, no significant 
Dissolved orthophosphorus and total phosphorus 
exhibited normal and random distributions of 
concentrations for the storm events measured throughout 
the study period with approximately 50 percent of all 
orthophosphorus concentrations being less than 25 ug/L 
wh i1 e 50 percent ·of a 11 tota 1 phosphorus concentrat i ens 
were less than 60 ug/L. 
Concentrations of dissolved and total phosphorus 
measured at the residential site at Hidden Lake were 
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found to be somewhat similar to those found in other 
residential areas in the greater Orlando area as studied 
by Wanielista (1977). However, measured concentrations 
of both dissolved and total phosphorus at the Hidden 
Lake study were found to be substantially lower than 
those measured in the National Urban Runoff Program 
(1983) and in studies from other areas of the country by 
researchers such as Cullum (1985), Rimer (1978), and 
Loehr (1974). These same patterns were also apparent for 
mass loading rates of phosphorus from the residential 
area to the wetland. There are several reasons which can 
be speculated as to why these differences occur. The 
greater Orlando, Florida area receives a larger number of 
storm events and higher runoff volumes during much of the 
year. Repeated rainfall events tend to keep the road 
surfaces relatively clean so that measured concentrations 
in any particular event would be relatively low. In 
addition, the residential site at Hidden Lake is 
relatively flat resulting in slower runoff velocities and 
less particle transport and receives limited impact from 
industry and traffic volumes. Swale systems, used as a 
major conveyance mechanism at Hidden Lake, have been 
shown to remove both particulate and dissolved forms of 
phosphorus and heavy metals during flow (Yousef, 1985) 
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and act as a pre-treatment system prior to entering the inflow 
canal. 
Runoff characteristics at Hidden Lake were found to 
exhibit considerable variability both within a single 
storm event as well as between storm events. Attempts to 
correlate this variability with rainfall characteristics 
such as rai nfa 11 amount, storm duration, antecedent dry 
period, and storm intensity produced weak correlations 
(Table 4-3}. Tota 1 ra inf a 11 amount appeared to be 
somewhat important in regu 1 at i ng concentrat i ans of runoff 
parameters, while storm duration, antecedent dry period, 
and storm intensity were important in regulating only a 
few parameters. Significant but weak correlations are 
present at the wetland site for most runoff 
characteristics when correlated with rainfall parameters 
suggesting that further research in this area is 
essential to the understanding of the phenomena which 
regulates runoff characteristics. 
Characterization of Sediments 
in the Hidden Lake Wetland 
An analysis of the horizontal and vertical 
distributions of phosphorus as well as heavy metals in 
the wetland sediments at Hidden Lake is useful in 
characterizing settling patterns of these parameters upon 
entering the wetland area. Sediment phosphorus 
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concentrations were found to increase substantially to a 
distance of 50 m from the inlet weir after which they 
declined slightly throughout the remainder of the 
flowpath. Similarly, patterns of deposition and 
accumulation of heavy metals along the flowpath in the 
top layers of sediment showed that the majority of metals 
reached peak sediment concentrations at a distance of 25-
50 m from the inflow canal. 
Distributions of phosphorus in the top 10 cm of the 
wetland sediments (Figure 4-12) suggests that the 
majority of sediment-bound phosphorus is being retained 
with in the f i rs t 5 0 m fr om the i n 1 et can a 1 • Thi s i s 
apparently due to the effects of initial settling of 
particles upon entering the wetland as well as the more 
favorable environment found in the upland region of the 
wetland with respect to pH, redox potential, and 
dissolved oxygen concentrations. Beyond a distance of 50 
m along the wetland flowpath, sediment phosphorus 
concentrations begin to decline with a maximum reduction 
of approximately 23 percent as pH, redox potential and 
di·ssolved oxygen also decrease. These conditions cause 
sediment-phosphorus-metal bonds to be broken, releasing 
di sso 1 ved species to the water co 1 umn thereby decreasing 
the retention potential of the sediments (Mortimer 1941; 
Harper 1985). 
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The control area, removed from direct inputs of 
stormwater runoff, supports a highly reduced, acidic 
environment. This region of the wetland was found to 
exhibit generally lower sediment phosphorus 
concentrations than those measured · along the flowpath, 
while supporting elevated concentrations of dissolved 
orthophosphorus and dissolved metal species, primarily 
iron and aluminum. Again, redox potential and pH control 
the oxidation state and solubility of iron and aluminum 
in the sediments and thus affects the abi 1 ity of 
sediments to retain or release inorganic phosphorus. The 
stagnant conditions found in the control area have 
provided an ideal environment for the reactions necessary 
for phosphorus re 1 ease to the overlying water co 1 umn to 
occur. 
An 
differences 
and metal 
For this 
flowpath 
analysis was conducted 
which may exist between 
concentrations in fl owpath 
to test for any 
sediment phosphorus 
and con tro 1 areas. 
co 11 ec ted a 1 ong the 
combined to form a 
the s amp 1 e stat i on , 
all measurements 
sample dates were 
single 
analysis, 
from both 
data set independent of 
location, or collection date. 
A sufTVllary of the test statistics resulting from the 
sediment comparisons is given in Table 5-1. In general, 
no significant differences were found between 
TABLE 5-1 
SUMMARY OF ANOVA PROCEDURES FOR SEDIMENT 
PHOSPHORUS AND METAL CONCENTRATIONS BETWEEN 
FLOW PATH AND CONTROL AREAS 
SEDIMENT PROBABILITY MEAN CONCENTRATION (µg/g) 
PARAMETER OF UNEQUAL FLOW PATH l CONTROL2 MEANS 
p 42.8 1,017 1,088* . 
Fe 99.9 4' 186* 2,846 
Al 45.9 24,522* 21,613 
Mn 49.7 11.6 12.8* 
Organic 97.9 66.4 75.7* Content 
* Indicates largest value for a given parameter 
1. Sample size = 105 
2. Sample size = 30 
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concentrations 
control areas, 
of unequal 
of phosphorus 
with 42.8 
or aluminum in fl owpath and 
probabilities 
the areas, 
and 45.9 
means occurring 
percent 
between 
respectively. However, iron and 
exhibited significant probabilities of 
larger concentrations of iron existing 
organic 
unequal 
in the 
content 
means with 
flowpath 
areas and a greater organic content in the control area. 
Although the ANOVA procedure did not provide evidence 
that sediment phosphorus concentrations were 
stat i st i ca 11 y d if fer en t in the two regions of the 
wet 1 and, mean meta 1 concentrations in the sediments were 
greater in the flowpath area than in the control area. 
The vertical attenuation of sediment concentrations 
of P, Al, Fe, and Mn in the wetland at Hidden Lake was 
modeled using the PROC GLM package of SAS (Ray and Sall 
1982) and found to best fit a semi-log model of the form: 
ln (C/Co) = (K) x depth. A sunmary of the regression 
statistics for the semi-log model is listed in Table 5-2. 
As seen in the relatively high values for R-square listed 
in Table 5-2, the semi-log relationship appears to fit the 
data points extremely well. With few exceptions, the 
calculated values of R-square were generally in excess of 
0.90 for each of the parameters modeled. Using the K 
values as a measure of the rate of vertical attenuation 
of sediment concentrations during travel through the 
TABLE 5-2 
SUMMARY OF REGRESSION STATISTICS FOR THE ATTENUATION OF 
SEDIMENT CONCENTRATIONS OF SELECTED PARAMETERS IN THE WETLAND AT HIDDEN LAKE 
FLOW PATH 1 CONTROL AREA2 
PARAMETER ATTENUATION VALUE OF ATTENUATION VALUE OF 
COEFFICIENT (K)* R2 COEFFICIENT (K}* R2 
p 
-0.070 0.846 -0.067 0.880 
Fe -0.055 0.858 -0.053 0.900 
Al -0.140 0.912 -0.141 0.946 
Mn -0.056 0.931 -0.061 0.951 
Organic 0.042 0.859 0.034 0.851 Content 
* For the Model: Ln (C/C0 ) = (K) x Depth 
1. Sample size = 105 
2. Sample size = 30 
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wetland flowpath and at the control area, it appears that 
the sediment associated aluminum was attenuated at the 
fastest rate in each of the areas, followed by 
phosphorus, manganese, and iron. 
Results of the regression modeling lead to the 
following conclusions: 
1. The attenuation and accumulation of phosphorus in the 
sediments appears to be similar to that exhibited by Fe 
and Mn. 
2. The similar attenuation rates of sediment concentrations 
of P, Fe, and Mn suggest that these elements are 
regulated and controlled by similar mechanisms such as 
redox potential and pH. 
3. P, Fe, and Mn are attenuated less rapidly in sediments 
than Al and may have a greater potential of leaching to 
groundwaters since they are controlled by changes in 
redox potential and pH. 
As seen in Figure 4-13, phosphorus, aluminum, and to 
a lesser extent iron, were found to be primarily bound to 
sediments in association with organic matter such as 
peat. These associations are considered to be relatively 
stable and i111T1une to effects of pH and redox potential, 
a 1 though phosphorus may be re 1 eased from organic matter 
by bacterial activity. Phosphorus and metals bound in 
these associations should be retained well in the wetland 
soi 1 s under most conditions. The dominance of sediment 
phosphorus bound in association with organic matter 
suggests a long term tendency for phosphorus storage and 
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accumulation within the wetland based on a transfer of 
soluble phosphorus to organic fractions, presumably 
through plant uptake. However, phosphorus, aluminum, and 
especially iron also were found to have significant 
associations with Fe/Mn oxides, which can potentially 
solubilize under reduced conditions. 
It is a well established fact that the redox 
potential controls the oxidation state of iron and thus 
affects the ability of sediments to retain or release 
inorganic phosphorus. The ferric ion has been found to 
predominate at potentials greater than +200 mV (Patrick, 
1964) whereas extractable iron was present largely in the 
ferrous form below +200 mV, an indication that the 
conversion of phosphate to an extractable form is 
dependent upon the reduction of ferric compounds in the 
soil as we 11 as changes in dissolved oxygen 
concentrations (Mortimer 1941; Mortimer 1942). 
Wetland sediments were incubated under various 
combinations of redox potential and pH in order to 
investigate the importance of these factors on 
phosphorus-sediment stability. In general, aluminum was found to be 
more soluble under oxidized conditions than under reduced 
conditions and also more soluble at a pH of 5.0 than at a 
higher value of 6.5. Decreases in pH and redox 
potential were found to increase the solubility of iron. 
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However, the release of phosphorus from the sediments was 
found to be influenced primarily be pH with substantial 
release under both oxidized and reduced conditions at a 
pH of 5.0. 
These 
conditions, 
associations 
results further suggest that under reduced 
P, and Fe are released from destabilized 
with Fe/Mn oxides. Decreases in redox 
potential and pH, 
sediment chemistry 
sediment-phosphorus 
therefore, cause changes in water and 
thereby affecting the stability of 
associations as well as the release 
or retention of P, Fe, and Al in the sediments. 
Wetland Phosphorus Dynamics 
Wetland Groundwaters 
Dissolved orthophosphorus concentrations in 
groundwaters were found to increase with increasing depth 
in all areas of the wetland, with concentrations in the 
control area remaining extremely elevated over those 
found in the flowpath. The increased concentrations . of 
phosphorus in wetland groundwaters is thought to be 
related to the stagnant and reduced conditions which are 
prevalent throughout the wetland. Groundwaters were 
characterized as being "moderately reduced" 
(+400 < ORP < +100 mV) the upstream . and flowpath areas, 
whereas in the control area groundwaters were found to 
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exist in a "reduced" condition 
defined by Patrick and Mahapatra 
(ORP < 
( 1968) • 
+100 mV), as 
In addition, 
dissolved oxygen concentrations were found to decrease 
with both groundwater depth and wetland flowpath 
distance, experiencing anaerobic states as traversing 
distance through the wetland and groundwater depth 
increased. 
The results from the speciation and redox potential 
experiments combined with the analyses of sediment and 
groundwater parameters presents evidence that changes in 
redox potential from reduced to highly reduced states, 
combined with low pH and anaerobic conditions has caused 
changes in the sediment-water chemistry causing P, and Fe 
to be released to both the overlying water . column and 
wetland groundwaters. These increases in nutrient and 
meta 1 species were verified by inspect ion of groundwater 
quality data obtained during the study period. Color 
concentrations were noted to increase with the reduced 
and stagnant conditions as humic and fulvic complexes 
became more soluble, suggesting that organic 
decomposition may also be responsible for inputs of 
soluble phosphorus, especially in the control area. 
A detailed comparison between dissolved 
orthophosphorus concentrations, pH and ORP in upland, 
fl owpath and control area we 11 s was conducted using an 
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analysis of variance procedure with all the sample ports 
combined. The ANOVA procedure of SAS was used for the 
analysis. The results of this analysis are presented in 
Table 5-3. 
Significant differences were detected at the 0.05 
level for dissolved orthophosphorus between the control 
area well and the upland and flowpath wells with the 
contra 1 we 11 significantly higher than the other three. 
These differences are apparently related to the stagnant 
and heavily reduced conditions which exist in the control 
area. Significant differences in pH were also found 
between fl owpath area we 11 s and the up 1 and and contra 1 
area wel 1 s with flowpath pH values significantly higher 
than the other two. 
Regression analyses were conducted to investigate 
predictive relationships between concentrations of 
d i s s o l v e d or th op hosp h or u ·s i n · wet l and gr au n d waters and 
other chemical parameters. For these analyses, 
concentrations of dissolved orthophosphorus measured in 
each of the four wells and at each of the three sample 
ports were combined into one data set with simultaneous 
field measurements of parameters such as pH, specific 
conductivity, temperature, dissolved oxygen, and ORP, 
and laboratory measurements of alkalinity, turbidity, 
amm an i a , n i tr ate , n i tr i t e , or g an i c n i tr age n , TO C , B 0 D , 
PARAMETER 
Dissolved 
Ortho-P 
( µg/l) 
ORP (mV) 
pH 
T/l.BLE 5-3 
SUMMARY OF ANOVA PROCEDURE FOR DISSOLVED ORTHOPHOSPHORUS CONCENTRATIONS, 
pH AND ORP IN WELL SAMPLES WITH ALL SAMPLE PORTS COMBINED 
MEAN PROBABILITY NUMBER MULTIPLE COMPARISON WELL CONCENTRATION OF OF TECHNIQUE OF UNEQUAL MEANS OBSERVATIONS TUKEYS 
Control (4) 368 99.9 29 A* 
Upland (1) 40 31 B 
Flow Path (3) 35 28 B 
Flow Path (2) 30 25 B 
Flow Path (2) 76 20.3 25 A 
Flow Path (3) 76 28 A 
Upland (1) 71 31 A 
Control (4) 50 29 A 
Flow Path (2) 5.61 99.9 25 A 
Flow Path ·(3) 5.50 28 A 
Upland (1) 5.11 31 B 
Control (4) 4.99 29 B 
* Means within the same groupings are not statistically different at the 0.05 level 
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color, residue, SS, and VSS. · The purpose of these 
regression analyses was to examine general predictive 
relationships between dissolved orthophosphorus 
concentrations in wetland groundwaters and concentrations 
of other groundwater constituents to aid in prediction of 
conditions or ions which may affect the solubility of 
orthophosphorus. The results of these analyses are 
surrvnarized in Table 5-4. 
The predictive variables listed in the "best fit" 
equation were able to explain approximately 88 percent of 
the variability in concentrations of dissolved 
orthophosphorus. As a result, the predictor variables 
tested in the regression analyses appear to be important 
in predicting concentrations of dissolved orthophosphorus 
in groundwaters. Concentrations of dissolved 
orthophosphorus were found to be predominantly influenced 
by a relatively small number of other parameters. 
Increases in BOD, color, organic nitrogen and ammonia 
along with decreases in pH and alkalinity were found to 
increase concentrat i ans of dissolved orthophosphorus. 
According to the unit length standardized regression 
coefficients, organic nitrogen, ammonia, and alkalinity 
were the most important in predicting concentrations of 
orthophosphorus, while BOD, color and hydrogen ion 
concentration were of lesser importance. 
TABLE 5-4 
SUMMARY OF REGRESSION STATISTICS FOR RELATIONSHIPS BETWEEN 
ORTHOPHOSPHORUS AND OTHER CHEMICAL PARAMETERS IN GROUNDWATERS 
(No intercept models) 
R2 MEAN REGRESSION MODEL VALUE OF 
µ 
Best Fit Equation 
Ortho-P = 9.061 (BOD5) + 0.129 (Color) + 0.126 (Org-N) 
+ 0.120 (NH 3~N} - 1.045 (Alk) - 4.905 (N02-N) 0.883 
- 5.110 x 106 (H-Conc) 
Unit Length Standardized Best Fit Eguation 
Ortho-P = µ + 0.139 (BOD5) + 0.197 (Color) 
+ 0.455 (Org-N) + 0.371 (NH3-N) - 0.249 (Alk) 0.883 120.47 
- 0.096 (N02-N) - 0.153 (H-Conc) 
NUMBER OF 
OBSERVATIONS 
IN MODEL 
.-
....... 
....... 
114 
114 
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Wetland Surface Waters 
From the data presented in Chapter 4, it appears 
that the wetland at Hidden Lake is ineffective in the 
removal of phosphorus in residential stormwater runoff 
entering the wetland. A summary of mean values for 
selected chemical parameters in the wetland at Hidden 
Lake from November 1984 to November 1985 is given in 
Table 5-5. Stormwater inputs into the wetland during 
this period were characterized by relatively low levels 
of soluble phosphorus, of which approximately 53 percent 
were particulate in nature. 
Upon entering the wetland treatment system, 
chemical, physical and biological processes begin to 
occur which result in general reductions in pH, specific 
conductivity, alkalinity, dissolved oxygen and ORP with 
increasing flowpath distance. Removal of dissolved 
orthophosphorus and total phosphorus was not observed 
with concentrations of each increasing 171 percent and 
151 percent, respectively, during flow through the system 
with the majority of the increases in total phosphorus 
due to increases ·in soluble orthophosphorus. However, it 
should be noted that input concentrations of 
orthophosphorus from runoff were extremely low with an 
average value of 28 ug/L. This is approximately one-half 
of the "equilibrium" orthophosphorus value measured in 
PARAMETER 
Ortho-P (µg/1) 
Total p (µg/1) 
pH 
ORP (mV) 
Number of 
Observations 
TABLE 5-5 
SUMMARY OF MEAN VALUES FOR SELECTED CHEMICAL PARAMETERS 
IN THE WETLAND AT HIDDEN LAKE FROM 11/84 TO 11/85 
FLOW PATH 
RAINWATER STORMWATER 
10 m 25 m 50 m 75 m 100 m 125 m 150 m 
8 28 20 29 32 49 61 54 76 
9 59 48 67 62 85 103 110 148 
4.76 6.54 6.43 6.28 6.19 6.02 5.92 5.87 5.65 
- 411 380 271 222 168 182 176 173 
22 20 10 11 8 8 8 7 7 
CONTROL HIDDEN 
AREA LAKE 
130 67 
177 166 
4.88 5.57 
79 -
8 9 
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the rate experiments for soil and water 
with in the wetland. Had the orthophosphorus 
the system been more concentrated, removal 
increases would probably have been observed. 
equilibrium 
inputs into 
rather than 
Explanations of the above phenomena can be found in 
the environmental conditions which exist along the 
flowpath and control areas. The observed decreases in 
both dissolved oxygen (77 percent) and ORP (58 percent) 
during travel through the 150 m flowpath, along with an 
increase in hydrogen ion concentration (676 percent) are 
attributed to the increased stagnant and reduced nature 
of the surface waters as the flow traverses the wetland 
flowpath. Under these existing conditions, removal of 
dissolved phosphorus from surf ace waters in the wet 1 and 
by various mechanisms such as adsorption and 
precipitation is probably small. 
In add it ion to phosphorus remaining fo solution in 
the wetland surface waters, the wetland sediments are 
releasing soluble concentrations of dissolved 
orthophosphorus and metals to the overlying water 
columns. Therefore, as reduced and stagnant conditions 
increase throughout the wetland, so to do the 
concentrations of water quality parameters in the wetland 
surface water culminating in the elevated conditions 
found in the control area of the wetland. In surrmary, 
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the increased concentrations of parameters such as 
phosphorus, color and metal ions in wetland surface 
waters is related to the reduced conditions existing in 
the water column throughout the wetland as well as to the 
release of nutrients and metal 
previously described, under the 
to the wetland surface waters. 
ions from sediments as 
same reduced conditions, 
Regression analyses were conducted to investigate 
predictive relationships between concentrations of 
dissolved orthophosphorus and total phosphorus in wetland 
surface waters and other chemical parameters. For these 
analyses, concentrations of dissolved orthophosphorus and 
total phosphorus at each of the fixed sampling stations 
were combined into one data set with simultaneous field 
measurements of parameters such as pH, specific 
conductivity, temperature, dissolved oxygen, and ORP, and 
laboratory measurements of alkalinity, turbidity, 
ammonia, nitrate, nitrite, organic nitrogen, TOC, BOD, 
col or, residue, SS and VSS. The purpose of the 
regression analysis was to examine the general predictive 
relationships between dissolved orthophosphorus and total 
phosphorus in wetland surface waters and concentrations 
of other surface water constituents to aid in the 
prediction of conditions or ions which may affect their 
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concentrations. The results of these analyses are sumnarized in 
Table 5-6 and 5-7. 
The predictive variables listed in the "best fit" 
equations were able to explain approximately 95 percent 
of the variability in concentrations of dissolved 
orthophosphorus and approximately 96 percent of the 
variability for total phosphorus in wetland surface 
waters. As a result, the predictor variables tested in 
these regression analyses appear to be important in 
predicting concentrations of both dissolved and total 
phosphorus. 
Concentrations of phosphorus in wetland surface 
waters were found to be predominantly influenced by a 
relatively small number of the measured parameters. 
Decreases in ORP va 1 ues throughout the wet 1 and fl owpath 
were found to increase concentrations of dissolved 
orthophosphorus whereas increases in hydrogen ion 
concentration were found to decrease concentrations of 
total phosphorus. 
Kinetics of Phosphorus Uptake in Wetlands 
Kinetic rate · experiments 
information on the rates of 
through and stagnant sys terns, 
contact. The majority of 
were conducted to provide 
phosphorus uptake in flow-
wi th and with out sediment 
dissolved orthophosphorus 
TABLE 5-6 
SUMMARY OF REGRESSION STATISTICS FOR RELATIONSHIPS BETWEEN 
ORTHOPHOSPHORUS AND OTHER CHEMICAL PARAMETERS IN SURFACE WATERS (No intercept models} 
REGRESSION MODEL R2 ' MEAN VALUE OF 
µ 
Best Fit Equation I 
Ortho-P = 0.423 (Total-P) + 0.084 (Color) + 0.056 (NH3-N) 0.946 -
- 0.018 (ORP) - 5.63 (N02-N) 
Unit Length Standardized Best Fit Eguation 
Ortho-P = µ + 0.720 (Total-P) + 0.312 (Color)+ 0.124 (NH3-N) 0.946 41. 94 
- 0.100 (ORP) - 0.165 (N02-N) 
NUMBER OF 
OBSERVATIONS 
IN MODEL 
80 
80 
....... 
CX> 
w 
TABLE 5-7 
SUMMARY OF REGRESSION STATISTICS FOR RELATIONSHIPS BETWEEN 
TOTAL PHOSPHORUS AND OTHER CHEMICAL PARAMETERS IN SURFACE WATERS 
(No intercept models) 
R2 MEAN REGRESSION MODEL VALUE OF 
µ 
Best Fit Equation 
Total-P = 2.937 (Turb) + 1.300 (Ortho-P) + 0.026 (Org-N) 
- 1.409 x 106 (H-Conc) 
0.955 -
Unit Length Standardized Best Fit Eguation 
Total-P = µ + 0.761 (Ortho-P) + 0.412 (Turb) + 0.139 (Org-N) 
0.955 80.03 
- 0.112 (H-Conc) 
NUMBER OF 
OBSERVATIONS 
IN MODEL 
80 
80 
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removal (75 percent) was found to occur within the first 
24 hours of contact with wetland sediments. The removal 
of phosphorus was al so found to reach an "equi 1 ibrium 
concentrations" of approximately 50 mg/l within the 
wetland system after which only slight fluctuations 
occurred. This concentration therefore relates to the 
minimum amount of phosphor us required in s tormwater 
runoff be for phosphorus removal through adsorption, 
precipitation, etc., can take place in the wetland. 
The removal of phosphorus with and without sediment 
contact and circulation was modeled using the PROC GLM 
package of SAS (Ray and Sall, 1982) and found to best fit 
a semi-log relationship of the form: ln (C/Co) = (K) x 
time. A summary of the regression statistics for the 
semi-log model is listed in Tables 5-8 and 5-9. As seen 
in the relatively high values for R-square listed in the 
tables, the semi-log relationship appeared to fit the 
data points extremely well. With few exceptions, the 
ca 1 cul ated va 1 ues of R-square were generally in excess 
of 0.90 for each of the experiments (#3, #4, and #5). 
Using the values of K as a measure of the rate of 
attenuation during travel through the wetland, it appears 
that fl ow-through sys terns with sediment contact provided 
the greatest removal potential for 
orthophosphorus, most of which occurred within 
dissolved 
the first 
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TABLE 5-8 
SUMMARY OF REGRESSION STATISTICS FOR ORTHOPHOSPHORUS 
REMOVAL IN LONG-TERM ISOLATION EXPERIMENTS 
CONDUCTED FROM 10/85-12/85 
VALUE OF 11 K11 
EXPERIMENT FOR MODEL: 
ln (C/C0 ) = Kt 
Rate Experiment #1* 
Sedi men.t Contact (no mixing) 
Sediment Contact (mixing, 0.23/day} 
Centro 1 
Rate Experiment #2** 
Sediment Contact (no mixing) 
Sediment Contact (mixing, 0.23/day) 
Control 
Rate Experiment #3** 
Sediment Contact (no mixing) 
Sediment Contact (mixing, 0.48/day) 
Control 
* Experiment Duration = 18 days, n = 9 
** Experiment Duration = 14 days, n = 8 
-0.0066 
-0.0083 
-0.0038 
-0.0096 
-0. 0115 
-0.0077 
-0.0191 
-0.0274 
-0.0022 
VALUE OF 
R2 
0.658 
0.799 
0.980 
0.720 
0.790 
0.974 
0.808 
0.869 
0.999 
TABLE 5-9 
SUMMARY OF REGRESSION STATISTICS FOR ORTHOPHOSPHORUS REMOVAL 
IN SHORT-TERM ISOLATION EXPERIMENTS CONDUCTED ON 1/21/86 AND 1/23/86 
VALUE OF "K" VALUE OF EXPERIMENT FOR MODEL: R2 ln (C/C0 ) = Kt 
Rate Experiment #4* 
....... 
00 
Sediment Contact -0.0699 0.950 ""' 
No Sediment Contact (Control) -0.0172 0.981 
Rate Experiment #5** 
Sediwent Contact -0. 0710 0.969 
No Sediment Contact (Control) -0.0052 0.979 
* Experiment Duration = 25 hours, n = 15 
** Experiment Duration = 23 hours, n = 14 
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24 hours of contact. The short-term experiments 
conducted in January, 1985 also support the conclusion 
that fl ow-through systems, under conditions of slow and 
constant circulation of surface waters provide better 
water quality improvements with regard to phosphorus 
attenuation, than stagnant water systems. 
The results of the kinetic experiments indicate that 
wetland treatment systems which maximize sediment contact 
and promote slow circulation while preventing stagnant 
conditions will be most effective in removal of 
phosphorus from runoff inputs. A slow phosphorus release 
mechanism, such as a detention pond, is needed upstream 
of the wetland to release water slowly into the system at 
a controlled rate. This detention system will also serve 
as an initial settling basin for particulate matter and 
may be used for oil and grease removal if these are 
suspected as a problem. 
Effects of Wetland Treatment on Algal Productivity . 
Algal bioassays were conducted to evaluate changes 
in algal productivity during surf ace water flow through 
the wetland at Hidden Lake. Wetland treatment was found 
to reduce the productivity of runoff inputs when Hidden 
Lake, a eutrophic water was used as the test water. 
Growth responses (Figure 4-18) exhibited general 
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decreases with distance along the flow path as the N:P ratios 
decreased from 4:1 to 3:1. The eutrophic receiving water, Hidden 
Lake, was not limited by either nitrogen or phosphorus and, as a 
result, additional inputs of these nutrients did not stimulate 
further growth. Algal productivity was found to be low when 
using an 
productivity 
oligotrophic receiving 
of the nutrient poor 
water source. However, 
receiving waterbody was 
enhanced and increased with increasing distance and increasing 
dissolved orthophosphorus concentration along the wetland 
flowpath. The maximum algal production in this bioassay using 
ol igotrophic water was much lower in terms of algal cell dry 
weight than the previous algal assay using a colored eutrophic 
water which is most likely due to the difference in trophic state 
and nutrient availability between the two receiving waterbodies. 
These experiments lead to the conclusion that due to the 
increased stagnant and reduced conditions with flowpath distance 
in the wetland, discharges of wetland surface waters to a 
receiving stream or lake will have a variable impact on the 
aquatic environment in that system. Inputs to eutrophic 
waterbodies will not result in additional algal production. 
However, additions .to an oligotrophic body may result in an 
increase in algal production, which is presumably influenced by 
the increased concentrations of phosphorus input to the system by 
the wetland area. 
CHAPTER 6 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The movement and fate of phosphorus inputs from 
resident i a 1 s tormwa ter runoff 
hectare hardwood wet land near 
of the wetland, 
were investigated in 
Sanford, Florida. 
an adjacent lake, characteristics 
surrounding 
instrumentation 
watershed were defined, and 
was installed. This wetland 
a 1.0 
Phys i ca 1 
and the 
field 
receives 
stormwater 
through a 
runoff from a large residential 
small shallow canal and provides 
community 
treatment 
prior to discharge to Hidden Lake. 
Field investigations were begun 
divided into the following tasks: (1) 
in 1984 and were 
assessment of the 
quantity of phosphorus and phosphorus-related metals 
entering the wet 1 and by way of stormwater runoff, (2) 
measurement of the attenuation of these pollutants during 
travel through the wetland, (3) monitoring of the 
concentrations of phosphorus and phosphorus-related 
meta 1 s in groundwaters, ( 4) accumu 1 at ion of phosphorus 
and phosphorus-related metals in the sediments of the 
wetland, (5) examination of the typical chemical 
associations binding phosphorus and phosphorus-related 
metals to the sediments using sequential extraction 
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procedures, and (6} investigation of the importance of 
redox potential and pH on phosphorus-sediment stability 
with regard to the release of phosphorus from wetland 
sediments. In addition, a series of algal bioassay 
experiments were run on stormwater inputs in order to 
examine the changes in productivity during flow through 
the wetland. 
Stormwater inputs into the wet land during the study 
period were characterized by relatively low levels of 
phosphorus, with 53 percent of the total phosphorus 
inputs being particulate in nature. After entering the 
wet land treatment system, stormwater inputs were observed 
to exhibit general reductions in pH, specific 
conductivity, dissolved oxygen, ORP and alkalinity with 
increasing flow distance. The rather rapid decreases in 
both dissolved oxygen and ORP with increasing distance 
from the input canal are presumably related . to the 
increased stagnant nature of the surface waters as the 
wetland flow spreads out during travel. Concentrations 
of both dissolved orthophosphorus and total phosphorus 
increased during flow through the wetland system and were 
found to be closely correlated to decreases in pH and 
ORP. A stagnant control area, removed from runoff 
influence was found to exhibit elevated concentrations of 
phosphorus as well as TOC and color. The more reduced 
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environment in the control area was found to increase the 
release of phosphorus, nitrogen, organic compounds, and 
iron from the sediments to the water phase. 
Water quality characteristics in groundwaters 
beneath the fl owpath were a 1 so very similar to surf ace 
water characteristics, with dissolved oxygen and ORP 
levels decreasing with depth, whereas phosphorus 
concentrations increased. Groundwaters in the stagnant 
control area exhibited significantly elevated 
concentration of phosphorus, TOC, color, and iron when 
compared to groundwaters in other 1 ocat ions. The 
increased concentrations of these parameters in 
groundwaters is thought to be related to the release of 
ions from the sediments under stagnant and reduced 
conditions. Apparently, treatment systems which minimize 
stagnant and reduced conditions will improve the 
groundwater quality as well as the surface water quality. 
Patterns of accumulation and deposition of sediment 
bound phosphorus along the wetland flowpath were 
investigated and found to increase substantially to a 
distance of 50 m from the inlet canal weir after. which 
they declined throughout the remainder of the wetland 
fl owpath. A 1 so apparent was the attenuation of sediment 
phosphorus concentrations with increasing sediment depth, 
193 
with the majority of the phosphorus being retained in the upper 
surface layers (0-10 cm). 
The removal potential for dissolved orthophosphorus 
in wetland systems was found to be greatest in flow-
through systems with sediment contact based on rate 
experiments performed at the study site. The majority of 
the dissolved orthophosphorus removal (75 percent) was 
found to occur within the first 24 hours of contact with 
the wetland sediments after which only slight decreases 
in concentration occurred. The removal of phosphorus from 
the experimental systems was also found to reach an 
"equilibrium concentration" of approximately 50 ug/L 
within the wetland system after an incubation period of 
24 hours. Stagnant sys terns as well as systems with no 
sediment contact were less effective in providing removal 
of dissolved orthophosphorus as well as other water 
quality parameters. 
A lg al bioassay experiments were conducted to 
evaluate changes in algal productivity during surface 
water flow through the wetland at Hidden Lake. The 
results indicate that wetland treatment reduced the 
productivity of runoff inputs when Hidden Lake, a colored 
and acidic water, was used as the test water, based on 
algal cell dry weight, with growth response decreasing 
with distance along the wetland flowpath. The a 1ga1 
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productivity based on maximum yield was found to be very 
low when using an oligotrophic receiving water source. 
However, productivity of the nutrient poor receiving 
waterbody was found to increase with increasing travel 
distance through the wetland, presumably influenced by 
the increased concentrations of phosphorus input to the 
surface waters of the wetland during flow periods. 
From these investigations the following conclusions 
were reached: 
1. Concentrations of orthophosphorus in rainfa 11 at the 
Hidden Lake site were found to be normally and randomly 
distributed with a mean value of 8 ug/L. No apparent seasonal 
fluctuations in concentrations were observed. 
2. Concentrations of orthophosphorus in runoff were found 
to be independent of rainfall characteristics such as total 
amount, antecedent dry period, duration, and rainfall intensity. 
3. Concentrations of both orthophosphorus and tota 1 
phosphorus were not normally distributed and exhibited a 
curvilinear relationship with lower concentrations comprising a 
larger percentage of the measured values. 
4. On the average, approximately 39 percent of phosphorus 
inputs from runoff were in a soluble available form. 
5. Concentrations of both orthophosphorus and total 
phosphorus in runoff were approximately 85 percent less than mean 
• 
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measured in the NURP for similar land uses. This reduction may 
be due to the pre-treatment effect of swales. 
6. Inputs of stormwater into the wetland resulted in 
increases in redox potential and pH for both surface waters and 
groundwaters compared to an isolated, stagnant control area. 
7. Mean concentrations of both orthophosphorus and total 
phosphorus increased with increasing distance from the inlet 
canal, and correlated well with observations of more stagnant 
conditions and measured reductions in pH and ORP. Concentrations 
of orthophosphorus in the isolated control area were 71 percent 
greater than the maximum flowpath area. 
8. ORP and concentrations of dissolved oxygen decreased 
with increasing distance from the inlet canal, 58 and 77 percent, 
respectively, thereby producing an increasingly reduced and 
stagnant environment within the wetland. 
9. Mean concentrations of dissolved orthophosphorus in 
groundwaters were found to increase with increasing depth in all 
areas of the wetland. The concentrations corre 1 ated very we 11 
with observations of more stagnant and reduced conditions and 
measured reductions in pH. 
10. Mean concentrations of dissolved Fe and Al were found 
to increase with increasing distance from the inlet canal, 100 
and 228 percent, respectively. This increase being due to the 
increasingly reduced conditions which exist throughout the 
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wetland which causes these ions to be released into surface 
waters as well as groundwaters. 
11. The wetland piezometric gradient was found to 
fluctuate in the following manner: 
month 
Jan - Mar 
Apr - Sep 
Oct - Dec 
groundwater gradient 
flow from upland areas to lake 
dual gradient; flow from upland 
areas and lake to the lake 
flow from upland areas to lake 
12. Concentrations of phosphorus in wetland sediments 
appears to be retained in the upper 10 cm with rapid decreases in 
concentration with increasing depth. Concentrations of 
phosphorus in sediments was also found to reach a peak at a 
distance of 50 m from the inlet canal, followed by a decrease 
throughout the remainder of the flowpath. This apparently due to 
the reduced and stagnant conditions which exist along the 
fl owpath. 
13. Approximately 86 and 84 percent of sediment phosphorus 
in flowpath and control areas, respectively, is bound to organic 
matter in the sediments. 
14. Removal · potential for orthophosphorus in wetland 
systems was found to be greatest in flow-through systems with 
sediment contact, with the majority of the reduction, 
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approximately 75 percent, occurring within the first 24 hours of 
contact with the sediments. 
15. An equilibrium phosphorus concentration of 50 ug/L was 
measured in short-term rate experiments and wetland treatment 
systems were found to be more effective in removing runoff inputs 
with concentrations greater than this equilibrium value. 
16. Runoff inputs into the wet land were found to decrease 
in algal productivity during flow through the wetland when an 
acidic and colored eutrophic test water was used, but caused 
increases in alga 1 productivity to a c 1 ear ol i gotrophi c test 
water. 
Recommended design 
removal of phosphorus 
wetlands include: 
considerations to increase the 
inputs from stormwater runoff in 
1. An upland stormwater detention system could be 
employed to promote fl ow equa 1 i zat ion throughout the wet 1 and 
area. A detention system would also allow for initial settling 
of suspended solids. 
2. A spreader swale system could be used to distribute 
water from the detention system into the wetland area to promote 
sheet flow throughout the treatment area. This will help 
eliminate stagnant areas and prevent problems with erosion. 
3. Promote circulation of water throughout the entire 
flowpath area. This is reconmended as the most effective method 
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of reducing phosphorus concentrations, in contrast to channelized 
fl ow which reduces the sediment contact time due to increased 
velocity of flow through the area. 
4. Retention times for runoff inputs in a flow-through 
situation should not exceed 48-72 hours. Retention times in 
excess of this amount may produce stagnant and reduced conditions 
throughout the wetland, which are thought to cause elevated 
concentrations of phosphorus and certain heavy metals. 
APPENDICES 
APPENDIX I 
MEASURED CONCENTRATIONS OF WATER QUALITY PARAMETERS 
IN RAINFALL SAMPLES COLLECTED IN INDIVIDUAL STORM EVENTS 
AT THE HIDDEN LAKE WETLAND DURING 1985 
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: __ H_id_d_e_n_Lak_-e __ _ SAMPLE DATE: 3/21/85-6/2"'""9/_s_s __ 
SAMPLE TYPE: Ra_i_nw_a_t_e_r ___ _ OTHEH: Composite ~le 
PARAMETER Coller:'ti nn TD t"P 
3/21 4/6 4/13 5/4 5/20 6/12 6/14 6/21 6/29 
pH 5.22 5.28 5.09 5.41 5.26 4. 71 5. 71 5.14 5.23 
Spec. Cond (llmhos/cm) 14 12 26 22 10 11 5 7 8 
Temp. (oC) 
- - - - - - - - -
Diss. 02 (mg/L) - - - - - - - - -
ORP (MV) 
- - - - - - - - -
Alkalinity (mg/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 
Turbidity (NTU) <1 1.5 0.5 0.8 2.0 0.1 1.0 1.0 1.0 
Anmonia (lJQ/L) 15 270 182 233 317 34 29 <10 14 
Nitrite {i.19/L) <0.1 2.3 0.6 0.5 1.0 1.0 0.9 1.0 <0.1 
Nitrate ( lJQ/L) 40 253 308 365 258 200 105 139 77 
Organi c-t' ( llg/L) 94 <10 <10 <10 <10 <10 153 <10 77 
Diss. O.P. (lJQ/L) 4 6 9 8 7 5 8 6 6 
Total p ( lJQ/L) 4 7 21 8 7 5 8 6 6 
Phenol f µg/L) <1 <1 - - - - - - -
TOC (mg/L) 1.6 1.4 1.6 2.7 1. 7 3.6 0.8 1.5 1.5 
Oil, Grease (mg/L) <2 
- - - - - - - -
BOD (mg/L) 1.0 1.6 1.4 1.2 0.8 0.9 1.5 . 1.3 1.1 
Color (Pt-Co units) 8 13 3 3 27 9 8 8 4 
Total Residue (mg/L) 34.6 8.5 14.1 12.2 5.1 11. 7 3.2 7.3 109 
s. s. (mg/L) 0.9 2.5 0.7 1.3 1.8 1.4 2.1 0.8 0.8 
V.S.S. (mg/L) 0.8 o.9 0.5 0.7 0.9 1.3 0.7 0.6 0.5 
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PHYSICAL CHEMICAL PARAMETERS 
LO CAT ION : _--:.H.:.c:i;.::;dd=e,;.:.::n ..... La.,.._..k"""'e __ SAMPLE DATE: 7 /5/85-9/13/85 
SAMPLE TYPE: Rainwater OTHER: Composite Sample 
PARAMETER Collection Date 
7/5 7/11 7/15 7/18 7/31 8/7 8/27 9/4 9/13 
pH 5.25 5.23 5.46 4.73 4.87 4.62 c;_nn 6.21 4.46 
Spec. Cond {µmhos/cM) 4 9 4 10 9 7 f, 6 20 
Temp. (oC) 
-- -- -- -- -- -- -- -- --
Diss. o2 (mg/L) -- -- -- -- -- -- -- -- --
ORP (MV) 
-- -- -- -- -- -- -- -- --
Alkalinity (mg/L) <1 <1 <1 <1 <1 <1 <l <l <l 
Turbidity (NTU) 0.4 0.3 0.9 0.3 0.2 0.2 0_2 0.2 0.2 
Arrmonia {µg/L) <10 22 25 40 <10 <10 <10 <10 141 
Nitrite (µg/L) 0.3 2.0 0.3 1.2 0.2 0.3 <0.1 0.6 0.3 
Nitrate {µQ/L) 76 266 96 110 201 135 ?1 33 123 
Organic-ti (µg/L) 116 39 36 21 25 25 , 16 56 <10 
Diss. O.P. {lJg/L) 10 10 10 2 7 10 g 14 10 
Total p (-µg/L) 11 12 10 2 8 11 9 16 11 
Phenol f µg/L) 
-- -- -- -- -- -- -- -- --
TOC {mg/L) 1.6 2.1 1. 7 1.8 2.4 0.6 0.8 0.8 0.8 
Oil, Grease {mg/L) 
-- --
--
-- -- -- -- -- --
BOD {mg/L) 1.0 1.3 1.4 2.4 0.8 0.2 0.5 0.9 0.5 
Color {Pt-Co units) 3 9 4 3 22 21 13 15 21 
Total Residue {mg/L) 16.5 22.9 77. 7 28.3 69.0 30.7 28.2 11.6 24.1 
s. s. {mg/L) 0.28 0.86 1.03 1.93 0.85 0.98 1.01 0.88 0.91 
V. S.S. {mg/L) 0.18 0.57 0.86 1. 76 0.28 0.89 0.98 0. 72 0.84 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 10130/85-1215/85 
SAMPLE TYPE: Rainwater OTHER: Composite Sample 
PARAMETER Collection Date 
10/30 11/9 11/11 12/5 
pH 4.68 4.01 4.13 4.91 
Spec. Cond (lJmhOS/CM) 11 12 12 7 
Temp. (OC) 
-- -- -- --
~ 
Diss. 02 (mg/L) 
-- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) <l 0.0 0.0 <1 
Turbidity (NTU) Q.4 0.3 0.2 0.4 
Anmonia (lJg/L) 18 21 <10 5 
Nitrite {-µg/L) 0.3 0.2 0.3 0.6 
Nitrate (-µ~/L) 31 84 45 24 
Organi c-r' ( -µg/L) 103 40 56 56 
Diss. O.P. (lJg/L) 9 9 8 9 
Total p (lJg/L) 12 9 8 9 
Phenol f µg/L) 
-- -- -- --
TOC (mg/L) 
5 0 1 8 , c;. c;. 7 
011, Grease (mg/L) 
-- -- -- --
BOD (mg/L) 1.0 1.2 0.7 0.7 
-
Color (Pt-Co units) 10 13 10 10 
Total Residue (mg/L) 9.5 23.7 21.3 124 
S.S. (mg/L) 0.88 0.93 0.79 0.32 
V. S.S. (mg/L) 0.36 0.59 0.43 0.22 
APPENDIX II 
MEASURED CONCENTRATIONS OF WATER QUALITY PARAMETERS 
AND HEAVY METALS FOUND IN STORMWATER INPUTS TO THE 
WETLAND AT HIDDEN LAKE 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: __ H_I_D_DEN_LAKE __ _ SAMPLE DATE: 1/18/85 (0.24 inl 
SAMPLE TYPE: STORt-~'lATER OTHER: 5.42 hr, 1.03 days ant. d:z-y 
PARAMETER STORMWATER SAMPLE 
1 2 3 4 
pH 6.90 6.42 6.65 6.35 
Spec. Cond (lJmhos/cJ11) 247 246 245 245 
Temr. (oC) 
-- -- -- --
-
Diss. o2 (mg/L) -- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) 96.1 99.0 99.0 103 
Turbidity (NTU) 5.5 5.7 5.7 6.4 
Armionia (µg/L) 73 25 22 35 
-
Nitrite (µg/L) 0.5 0.4 0.4 0.5 
Nitrate (µp/L) 23 16 15 40 
Organic-N (\Jg/L) 743 29 32 128 
Diss. O.P. (\Jg/L) 4 3 1 3 
Total P (iig/L) 28 27 29 28 
Phenol (mg/L) 2.6 3.2 3.2 2.8 
-
TOC (mg/L) 11.9 12.2 11. 7 11. 7 
Oil, Grease (mg/L) 12.2 13.0 13.0 16.3 
BOD (mg/L) 1.9 1. 7 1.9 1. 7 
-
Color (Pt-Co units) 43 47 38 47 
Total Residue (mg/L) 162 161 . 154 155 
s. ·s. (mg/L) 2.4 2.2 4.5 0.7 
V.S.S. (mg/L) 0.9 0.8 1.1 0.5 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: __ H_I_DD_EN_LAKE __ _ SAMPLE DATE : --~2/-=6;.:..I.;;..: 85;......i..C 0;;;..;:•:.,;1.;;..8 ...;;in=)"--
SAMPLE TYPE: SfORM~ATER RUNOFF OTHER: 6.25 hr, 6.45 days ant. d1)1 
PARAMETER SfORM\TATER SAMPLE 
1 2 3 4 
pH 6.95 7.10 6.66 7.15 
Spec. Cond (iimhos/cm) 201 169 191 172 
Temp. (OC) 
-- -- -- --
Diss. o2 (mg/L}_ -- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) 98.1 93.2 97.1 98.1 
Turbidity (NTU) 3.6 3.8 3.4 3.6 
AfTITlon i a ( 1J9/ L) <10 <10 16 <10 
Nitrite (1Jg/L) 0.5 0.7 0.7 0.7 
Nitrate (iig/Ll 59 73 40 46 
Organic-N (iig/L) 321 321 305 430 
Diss. O.P. (iig/Ll <1 <1 1 2 
Total P (iig/L) 22 25 25 14 
Phenol (mg/L) <l <l <i 1 
TOC (mg/L) 13.S 15.3 12.4 12.0 
Oil, Grease (mg/L) 13.1 11.4 15.2 12.0 
BOD (.mg/L) 1.7 1.3 1.3 0.9 
Color (Pt-Co units) 52 so 47 48 
Total Residue (mg/L) 139 133 144 152 
S.S. (.mg/L) 1. 7 2.0 1.9 2.0 
V. S.S. (.mg/L) 1.1 0.9 0.3 0.8 
LOCATION: HIDDEN LAKE 
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PHYSICAL tHE~lCAL PARAMETERS 
SAMPLE DATE: 2/9./35 (O.,J. S in}_ 
SAMPLE TYPE: SfDrol\TATER RUNOFF OTHER: 2.33 hr, 0~98 days ant, dry 
PARAMETER Sf0R1'-t~ATER SAMPLE 
1 2 3 4 
pH 6.93 7.37 7.06 7.41 
Spec. Cond (llntaos/cm) 169 176 180 174 
Temp. c0c) 
-- -- -- --
Diss. o2 {mg/l) .,_ -- -- ..-
ORP (MV) 
-.. 
--
.. - -.. 
Alkalinity (mg/l) 92.2 95.2 88.4 96.1 
- --
Turbidity (NTU) "4.0 3.9. 3.5 3.8 
--- .... 
Anlnonia (t,1g/L) 42 46 38 71 
Nitrite (llg/L) 0.4 0.4 0.2 0.2 
Nitrate (lJQ/l) 53-.8 35.4 32.3 29.2 
Organic-~ (pg/l) 393 607 71 38 
Diss. O.P. (pg/l) s s 4 4 
- --
Total P (pg/l) 20 21 23 21 
. . 
-
Phenol (mg/L) 1.6 <l <l <l 
. . 
TOC (mg/L) 14.2 12.9 13.1 12.2 
---· 
Oil, Grease (mg/L) 11.4 12.3 15.3 15.4 
BOD (_mg/L) 1.5 1.4 1.5 1.3 
Color (Pt-Co units) 47 53 so 47 
-
Total Residue (mg/L} 137 153 150 129 
S.S. (mg/L) 1. 7 1.1 1.1 1.4 
V.S.S. (mg/L) 0.7 0.7 0.7 0.5 
208 
PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: __ H_ID_D_EN_LAKE _ _ SAMPLE DATE: 2/11/85 (0.20 in) 
SAMPLE TYPE: STORJ.l'lATER RlNOFF OTHER: 1. 75 hr, 2. 31 days ant. dry 
PARAMETER SI'ORM~ATER SAMPLE 
1 2 3 4 
pH 6.85 6.87 6.98 7.13 
Spec. Cond (µmhos/cm) 198 211 200 202 
Temp. (oC) 
-- -- -- --
Diss. o2 (mg/L) -- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) 94.2 88.4 98.1 94 .2· 
Turbidity (NTU) 3.0 3.2 3.2 4.2 
All1Tlonia (µg/L) 63 54 63 46 
-
Nitrite (\JQ/L) 0.4 0.4 0.4 0.4 
Nitrate {.µg/Ll 26.1 27.7 29.2 32.3 
Organic-N (\Jg/L) 481 381 S90 607 
Diss. O.P. (vg/L) ;3 4 4 12 
Tota 1 P ( vg/L) 22 2S 2S 32 
Phenol (mg/L) 1. 7 <l <l 2.7 
TOC (mg/L) 14 .2 12.9 13.1 12.2 
Oil, Grease (.mg/L) 19.3 16.8 10.6 lS.2 
BOD (mg/L) 1.4 1.1 1.6 1.4 
-
Color (Pt-Co units) so S2 so so 
Total Residue {mg/L) 139 133 144 1S2 
S.S. (.mg/L) 1.S 1. 7 1.8 1. 7 
V.S.S. (mg/L) 0.8 
I 
0.8 1.1 1.0 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN LAKE SAMPLE DATE: _ _;;3;.i.../.;;..1 7;..i./..;.;.'.i;;..S __ c_o _.1_1_i_n) 
SAMPLE TYPE: SfORMvATER RI.IDFF OTHER: 4.25 hr. , 1.28 day ant. dry 
STOru.-n-vATER SAMPLE 
PARAMETER 
1 7 ~ 4 
pH 6. 76 5.95 6 21 6.31 
Spec. Cond ( µmhos/cm) 204 707 l<"ln 203 
Temp. (oC) 
-- -- -- --
Diss. o2 (mg/L) 
-- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity {mg/L) 98.1 95.2 C)"· 2 98.1 
Turbidity (NTU) 2.0 ' 1.9 '- 2 2.3 
ArTITlonia (lJQ/L) 77 fl')_ 77 82 
Nitrite (lJQ/L) 0.2 0_7 n ~ 0.3 
Nitrate ( lJQ/L) 30 ~~ i:;~ 55 
Organic-N (lJg/L) 575 570 ~t;R 353 
Diss. O.P. (l.Jg/L) 6 6 s 6 
Total p (l.Jg/L) 13 R 
"' 
29 
Phenol ( mg/L) <1 <i <1 <1 
TOC (mg/L) 
-- -- -- --
Oil, Grease (mg/L) <2 <2 11.6 11.8 
BOD (mg/L) 4.4 3.9 3.8 3.5 
-
Color (Pt-Co units) 63 49 115 47 
Total Residue (mg/L) 147 143 152 150 
·s. s. (mg/L) 0.9 1.0 0.9 1.2 
V.S.S. (mg/L) 0.6 0.7 0.6 0.5 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN I.AKE 
SAMPLE TYPE: Sto1JI1Water Rtmoff 
PARAMETER 
1 2 
pH 6.51 5.96 
Spec. Cond ( iimhos/cm) 205 149 
Temp. (OC) 
-- --
-
Diss. o2 (mg/l) -- --
ORP (MV) . 
-- --
Alkalinity (mg/L) 84.5 77. 7 
Turbidity (NTU) 2.3 4.5 
Arrrnonia (iig/L) 91 63 
-
Nitrite (lJg/L) 0.5 0.2 
Nitrate ( lJ9/L l 112 48 
Organic-N (llQ/L) 453 481 
Diss. O.P. (llg/L} 4 19 
Total P (llg/L) 26 46 
Phenol (mg/L} <l <1 
-
TOC (mg/L} 16.3 13.4 
Oil, Grease {.mg/L) 12.4 2.6 
BOD (.mg/L) 3.1 2.8 
-
Color (Pt-Co units} 47 44 
Total Residue (mg/l) 187 148 
s. s. (mg/L} 1.1 3.4 
V.S.S. (mg/L) 0.8 1.7 
SAMPLE DATE: 3/21/85-tlvo separate stoITils 
(0.06 in. and 1.32 in.) 
OTHER: l»O ht , 3.35 d,ays ant dry 
8.42 hr., 0.16 day ant. dry 
Stonnwater Sample 
3 4 1-End 2-End 3-End 
6.08 5.95 6.05 6.04 6.05 
138 124 122 112 103 
-- -- -- -- --
-- - - -- -- --
-- -- -- -- --
69.9 59.2 56.3 52.4 47.6 
4.2 8.5 9.6 20.0 36.0 
45 54 101 138 193 
0.2 0.2 0.5 0.5 0.5 
32 15 132 126 146 
499 381 388 678 405 
31 45 102 110 34 
50 44 177 199 .145 
<l <l <1 <l <l 
14.7 13.0 12.6 12.9 14.3 
2.8 3.7 <2.0 <2.0 3.2 
2.4 2.9 2.8 2.8 2.8 
47 55 77 145 249 
135 122 116 167 162 
2.6 4.0 7.0 16.8 24.8 
1. 7 2.4 3.3 5.1 6.8 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: __ H_IDD_EN_1 _LAKE ___ _ SAMPLE DATE: 4/6/85 (1.12 in) 
SAMPLE TYPE: SI'OR1'1'1AT.ER OTHER : 3 • 0 8 hrs . , 3 • 0 7 days ant . dry 
PARAMETER SI'ORMl/ATER SAMPLE 
1 2 3 4 
pH 6.15 6.39 5.82 6_n,; 
Spec. Cond (\dlos/cm) 137 110 11.1. ,,, 
Temp. (OC) 
-- -- -- --
--
Diss. o2 (mg/L) -- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) 75.7 53.4 54. 7 54. 7 
Turbidity (NTU) 4.2 25.6 52.0 57.6 
Arrmonia (µg/L) 78 114 188 ?OQ 
Nitrite (µg/L) 0.6 3.8 6.6 ~L2 
Nitrate {.µg/Ll 37 218 241 776 
Organic-N (µg/L) 1064 375 1063 A.OR 
Diss. O.P. (µg/Ll 11 88 94 76 
Total P (lJQ/L) 89 59B 143 486 
Phenol (mg/L) 
<1 <1 <l <1 
-
TOC (mg/L) 12. 9 15.6 12.6 13.3 
Oil, Grease (mg/l) <2 <2 <2 <2 
BOD (.mg/L) 2.9 4.6 3.7 3.7 
--
Color (Pt-Co units) 62 125 244 299 
Total Residue (mg/L} 134 127 139 143 
S.S. (mg/L) 6.2 55.6 117 63.S 
V.S.S. (mg/L) 3.9 21. 7 32.5 19.6 
LOCATION: HIPPEN LAKE 
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PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 4/13/US (0.46 in) 
SAMPLE TYPE: SIDRMWATEB RJINDFF OTHEH: 2. 83 hrs., 4. 09 days ant. dry 
PARAMETER sromvATER SAMPLE 
, 2 3 4 
r>H 6.39 6.07 FL ?r;. 6-27 
Spec. Cond (µmhos/cm) 199 178 1 F.O 1 A1 
Temp. (OC) 
-- -- -- --
-
Diss. 02 (mg/L) 
-- ---- --
ORP (MV) 
--
-- -- --
Alkalinity (mg/L) 81.6 74-8 7~ R 73.8 
Turbidity (NTU) 4.5 4.0 c; n (i_r; 
A1T111on i a ( µg/ L) 28 ~, 'l~ 47 
-
Nitrite (iig/L) 0.1 n_, n 1 ,_? 
Nitrate (l.JQ/L) 45 4A i::? , , c; 
Organi c-~J ( l.Jg/L) 244 741 ?~F. ?~n 
Diss. 0. P. ( lJ g/ L) 9 1 r; ?t; 20 
Total p ( lJQ/L) 6 11 AF. ~r; 
Phenol (mg/L) <l <1 ·. <1 <l 
-
TOC (mg/L) 11. tS 11.3 11.4 13.2 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 1.5 1.2 2.2 1.5 
-
Color (Pt-Co units) 51 49 59 67 
Total Residue (mg/L) 136 126 132 127 
S.S. (mg/L) 1.0 1.7 2.2 i.5 
V.S.S. (mg/L) 0.7 0.5 1. 7 1.9 
LOCATION: Hidden Lake 
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PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 5/20/85 fl.09 jn ) 
SAMPLE TYPE: StoTillwater Rlnoff OTHEH: 0.92 hr. 0.21 days ant. dry 
PARAMETER Stonnwater Sample 
1 2 3 4 
pH 5.59 5.74 5. 71 s. 72 
Spec. Cond ( µmhos/cm) 117 146 120 127 
Temp. (oC) 
-- -- -- --
-
Diss. 02 (mg/L) -- -- -- --
ORP (MV) 
-- -- --· --
Alkalinity (mg/L) 49.5 63.1 53.4 50.5 
Turbidity (NTU) 8.0 12.0 10.0 27.0 
Amnonia (µg/L) 56 39 47 56 
-
Nitrite (µg/L) 4.8 1.1 1.3 1.8 
Nitrate (µg/L) 179 86 63 60 
Or9ani c-t~ ( 1-1g/L) 913 870 559 671 
Diss. O.P. (1-19/L) 100 37 41 44 
Total P (1-19/L} 244 78 92 100 
Phenol f 1-19/L) <1 <l <l <1 
TOC (mg/L) 10.9 14.6 12.6 14.9 
Oil, Grease (m9/l) <2 <2 <2 <2 
BOD (mg/L) 5.1 5.2 4.3 3.8 
Color (Pt-Co units) 92 105 93 111 
Total Residue (mg/L) 96.5 131 111 122 
S.S. (mg/L) 6.3 4.5 5.3 11.1 
V.S.S. (mg/L) 4.5 4.0 3.8 5.1 
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LOCATION: Hidden Lake 
PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 
SAMPLE TYPE: Stonnwater Runoff OTHER: 0.75 hr. 
PARAMETER Stonnwater Sample 
1 2 3 4 
pH 5.91 5.87 6.12 6.15 
Spec. Cond (µmhos/crn) 148 164 162 172 
Temp. {OC) 
-- -- -- --
-
Diss. 02 {mg/L) -- -- -- --
ORP {MV) 
-- -- -- --
Alkalinity {mg/L) 75.7 76.7 79.6 80.6 
Turbidity (NTU) 10.0 7.0 5.0 4.0 
Armionia {µg/L) 60 52 52 56 
Nitrite {µg/L) 0.1 0.1 <0.1 <0.1 
Nitrate {µg/L) 27 22 20 23 
Organi c-r~ ( µg/L) 61 1220 736 732 
Diss. O.P. (µg/L) 9 8 13 8 
Total P ( µg/L) 36 25 13 31 
Pheno 1 f µg/L) <i <l . <1 <l 
-
TOC (mg/L) 14.8 15.3 15.6 14.4 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 3.9 3.1 2.8 3.1 
-
Color (Pt-Co units) 70 107 100 95 
Total Residue (mg/L} 135 141 135 135 
S.S. (mg/L) 4.4 3.4 2.8 2.8 
V.S.S. (mg/L) 2.8 2.4 2.1 2.1 
5/23/85 (0.16 in.) 
0.37 days ant. dry 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDIEN LAKE SAMPLE DATE: 6/12/85 (0.92 in.) 
SAMPLE TYPE: STORMWATER OTHER: 4.08 hr. 2.02 days ant. dry 
PARAMETER STRCMWATER SAMPLE 
1 
pH S.89 
Spec. Cond (-µmhos/cm) 61 
Temp. (OC) 
---
Diss. o2 (mg/L) ---
ORP (MV) 
---
Alkalinity (mg/L) 35.0 
Turbidity (NTU) 3.0 
Arrrnonia {µg/L) <10 
Nitrite (µg/L) 2.8 
Nitrate (iiQ/L) 237 
Organi c-t~ ( iig/L) 873 
Diss. O.P. (µg/L) SS 
Total p (µg/L) 122 
Phenol f µg/L) <l 
TOC (mg/L) 6.5 
Oil, Grease {mg/L) 2 
BOD (mg/L) 7.4 
Color (Pt-Co units) 21 
Total Residue (mg/L} 59 
S.S. (.mg/L) 13.1 
V.S.S. (mg/L)' 5.9 
216 
PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: Hidden Lake SAMPLE DATE: 6/14/85 (0.58 in.) ~~---~~....;._~~~ 
SAMPLE TYPE: STOJM\TATER OTHER: 5.08 hr. 0.44 days ant. dry 
PARAMETER STORM\TATER SAMPLE 
1 2 3 4 
pH 6.87 6.19 6.15 6.09 
Spec. Cond (.µmhos/cm) 133 144 143 154 
Temp. (oC) 
--- --- --- ---
-
Diss. 02 (mg/L) 
--- --- --- ---
ORP (MV) 
--- --- --- ---
Alkalinity (mg/L) 72.8 76.7 78.7 77.7 
Turbidity (NTU) 1.0 1.4 0.7 1.0 
AITITlonia {µg/L) 66 41 45 53 
Nitrite (µg/L) <0.1 <0.1 <0.1 <0.1 
Nitrate (ii~/L) 41 60 43 43 
Organic-~! (-µ9/L) 358 444 440 432 
Diss. 0. P. ( -µg/L) 11 18 14 12 
Total p (-µg/L) 28 28 33 26 
Phenol f iig/L) <1 <1 <1 <l 
TOC (mg/L) 14.7 14,7 14.1 14.3 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 1.9 2.2 1.2 1.6 
Color (.Pt-Co units) 94 90 77 89 
Total Residue (mg/L) 136 145 134 151 
S.S. (.mg/l) 3 .• 5 3.5 3.0 2.9 
V.S.S. (mg/L) 1.8 1.6 1.4 1.3 
217 
PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 6/21/85 (0.62 in.) 
SAMPLE TYPE: Stonnwater Runoff OTHER: 0.92 hr. 0.86 days ant. dry 
PARAMETER Stonnwater Samole 
1 2 3 4 
pH 7.11 5.73 5.64 5.79 
Spec. Cond l\Jmhos/cm) 105 85 110 106 
Temp. (OC) 
--- --- --- ---
-
Diss. 02 (mg/L) 
--- --- --- ---
-
ORP (MV) 
--- --- --- ---
Alkalinity {mg/L) . 50.5 49.5 61.2 59.2 
Turbidity (NTU) 
-- - ---- --- ---
ArTlllonia ( µg/L) <10 18 80 64 
Nitrite (µg/L) 0.4 0.4 0.1 0.7 
Nitrate ( lJQ/L) 45 56 51 54 
Organi c-t' ( l-19/L) 813 709 707 693 
Diss. O.P. {lJg/L) 53 31 24 28 
Total p (\Jg/L) 147 128 70 78 
Pheno 1 'lJ9/L) <1 <l <1 <l 
TOC (mg/L) 12.7 10.8 12.8 11.5 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD {mg/L) 4.8 4.8 5.3 5.8 
Color (Pt-Co units) 98 137 172 221 
-
Total Residue (mg/L} 143 154 137 145 
s. s. (mg/L) 3.7 5.2 11. 7 10.6 
V. S.S. (mg/L) 2.0 2.2 4.0 3.0 
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LOCATION: Hidden Lake 
PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 
SAMPLE TYPE: Stonnwater Runoff OTHER: 3.08 hr. 
PARAMETER Stonnwater Sample 
1 2 ~ 4 
pH 7 22 S.QFt 6.04 6 07 
Spec. Cond (µmhos/cm) 186 180 185 186 
Temp. c0c) 
-- -- --: 
--
Diss. 02 (mg/L) 
-- -~ -- --
ORP ( MV) 
--· -- ... - .... -
Alkalinity (mg/L) 75 .. 7 71.9 71.9 72.8 
Turbidity (NTU) 
-- -- -- --
Arrmonia {µg/L) 17 14 8 14 
Nitrite (µg/L) 0.2 0.2 0.1 0.1 
Nitrate ( µQ/L) 66 60 78 63 
Organic-N (µg/L) 498 440 507 562 
Diss. 0. P. ( µg/L) 9 11 18 22 
Total p (µg/L) 23 21 41 46 
Phenol f µg/L) <l <l <1 <l 
TOC (mg/L) 13.7 13.8 15.7 15.8 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 4.2 2.5 1.3 1.2 
Color (Pt-Co units) 78 71 86 99 
Total Residue (mg/L} 200 212 277 242 
S.S. (mg/L) 2.7 1.8 2.0 1.4 
V.S.S. (mg/L) 1.3 1.4 1.2 1.1 
6/29/85 (0.15 in.) 
0.63 days ant. dry 
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: _H_i_d_de_n_La_k_e __ _ SAMPLE DATE: __ 7 ;_s_/_8_5 _...;..( ()_._6_0 _in__;.) 
SAMPLE TYPE: Stonnwater Runoff OTHER: 0.58 hrs., 0.99 days ant. dry 
PARAMETER Stonnwater Sample 
1 2 3 4 
pH 7.64 5.68 5.71 5.79 
Spec. Cond (µmhos/cm) 120 105 112 in7 
Temp. c0 c) 
--· -- -·- -·-
-
Diss. 02 (mg/L) -.... 
-- -- -·-
ORP (MV) 
-- .... - -·- --
Alkalinity (mg/L) 60.2 52.4 57.3 51.5 
Turbidity (NTU) 3.1 2.8 7.3 11.4 
Arrmonia {µg/L) 43 34 49 37 
Nitrite (µg/L) 0.8 0.7 1.1 1.7 
Nitrate {µ9/L) 43 39 39 39 
-
Organic-ti {lJg/L) 351 420 345 357 
Diss. O.P. {µg/L) . 36 68 54 42 
Total p (µg/L) 73 123 106 157 
Phenol f lJ9/L) q <1 <1 ~1 
-
TOC (mg/L) 12.7 11.6 11. 7 9.9 
Oil, Grease {mg/L) <2 <2 <'2 <2 
BOD {mg/L) 3 .. 8 3.6 3.2 2.8 
Color (Pt-Co units) 62 69 94 110 
Total Residue {mg/L) 125 112 121 118 
S.S. {.mg/L) 2·. 74 2.77 7.43 9.50 
V.S.S. (mg/L) 2.15 2.47 2.53 2.99 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATJ ON : _.....:.H=i=dde=n~L=a=k=e __ _ SAMPLE DATE: 7/11/85 (0.37 in.) 
SAMPLE TYPE: Stonnwater Runoff OTHER: 0.83 hrs., 4.82 days ant. dry 
PARAMETER Stonnwater Sanrnle 
1 2 3 4 
pH 5.83 5.89 5.68 5.72 
Spec. Cond (µmhos/crn) 117 96 129 119 
Temp. (OC) 
-- -- -- -·-
-
Diss. o2 (mg/L) -- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity {mg/L) 69.9 56.3 71.9 67.0 
Turbidity (NTU) 1.7 1.6 2.0 2.4 
Arrrnonia {µg/L) 39 33 25 28 
-
Nitrite {µg/L) 0.7 0.7 0.4 0.4 
Nitrate ( iiQ/L) 24 35 30 30 
Organic-~ (iig/L) 446 573 460 578 
Diss. O.P. (iig/L) 4 3 6 9 
Total P (iig/L) 4 18 8 54 
Phenol f lJg/L) <1 1.7 1.7 <l 
-
TOC (mg/L) 12.4 ll.4 11.7 12.4 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 3.2 4.1 2.6 3.5 
Color (Pt-Co units) 25 41 53 81 
Total Residue (mg/L) 120 114 122 125 
S.S. (mg/L) 1.69 2.52 1.49 1.61 
V.S.S. (mg/L) 1.59 I 1.99 1.34 1.39 I 
221 
PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 7 /15/85 (1. 06 in) 
SAMPLE TYPE: Stonnwater Runoff OTHEH: 1.92 hrs., 0.88 days ant. dry 
PARAMETER Stonnwater Sample 
1 2 3 4 
pH 
.6 ~88 · sA7 6.52 6.09 
Spec. Cond (l-!mhos/cm) 116 73 84 74 
Temp. (OC) 
---
--- --- ---,. 
-
Diss. Oz (mg/L) 
--- --- --·- ---
ORP (MV) 
--- --- --- ---
Alkalinity (mg/L) 64.1 41.8 46.6 39.8 
Turbidity (NTU) 3.1 5.2 10.7 28.0 
Amnonia {µg/L) 67 31 93 140 
-
Nitrite {µg/L) 1.3 1.5 3.4 2.7 
Nitrate ( ll9/L) 43 62 52 54 
Organic-N (µg/L) 538 454 452 375 
Diss. O.P. (llg/L) 9 9 10 11 
Total P {llg/L) 77 131 126 122 
Phenol f ll91L) <l 1.0 1.7 1.5 
TOC (mg/L) 12.6 10.0 10.3 10.8 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 3.6 2.6 2.4 2.6 
-
Color (Pt-Co units) 61 119 178 144 
Total Residue (mg/L) 123 89.1 100 99.2 
s. s. (mg/L) 4.22 5.36 13.7 17.4 
V.S.S. (mg/L) 2.88 2.87 4.00 4.49 
LOCATION: Hidden Lake 
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PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 7 /19/8 5 (O. 26 in) 
SAMPLE TYPE: Stonnwater RL.moff OTHEH: Q .R:~ hrs. , 0. 25 days ant. dry 
PARAMETER Storntwater Samnle 
1 2 3 4 
pH 7.52 5.64 5.53 5.79 
Spec. Cond (vmhos/cm) 112 106 76 129 
Temp. (OC) 
-- -- -- --
-
Diss. o2 (mg/L) -- -- --
--
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) 55.4 50.5 44.7 59.2 
Turbidity (NTU) 6.1 9.8 3.5 5.5 
A"111onia (µg/L) 23 20 28 20 
Nitrite (µg/L) 2.0 1. 7 2.1 1.6 
Nitrate ( llQ/L) 75 96 100 60 
Organic-~ (µg/L) 583 525 457 525 
Diss. O.P. (µg/L) 30 40 35 25 
Total P (µg/l) 68 67 80 60 
Phenol f µg/L) <l <1 <1 <1 
TOC (mg/l) 15.6 14 .5 15.1 15.0 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOO (mg/l) 4.5 2.3 2.9 1. 7 
Color (Pt-Co units) 90 105 110 110 
Total Residue (mg/L) 100.4 110.5 103.0 109.6 
S.S. (.mg/l) 5.04 3.83 3. 73 3.38 
V.S.S. (mg/l) 2.95 2.14 2.54 1.84 
LOCATION:lilDDEN !AKE 
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PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 2/3J/B5 (Q J4 in) 
SAMPLE TYPE : SlPJM\TATER m JN0FF OTHEH: 0.75 hrs., 0.90 days ant. dry 
PARAMETER STOIMvATER SAMPT .1 
1 2 3 4 
pH 5.63 5.51 5.59 5.74 
Spec. Cond (lJmhos/cM) 108 110 129 129 
Temp. (OC) 
--- -... -
.......... 
-·--
-
Diss. o2 (mg/L) ---· --- ---· ---
ORP (MV) ---
-··- --·· 
.... --
Alkalinity (mg/L) 52.4 47.6 64.1 62.1 
Turbidity (NTU) 1.8 2.3 1.8 1.3 
All111on i a ( lJQ/ L) 3.3 59 68 59 I 
-
Nitrite (\,Jg/L) 0.5 1.0 2.6 1.7 
Nitrate (lJQ/L) 31 49 230 49 
Organic-N (pg/L) 421 456 447 335 
Diss. O.P. (pg/L) 28 105 20 18 
Total P (lJQ/L) 53 165 39 30 
Pheno 1 f lJ9/L) <l. <;]. <l <l 
TOC (mg/L) 11.6 12.9 13.6 13.6 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 3.3 3.2 4.1 3.0 
Color (Pt-Co units) 73 81 84 56 
Total Residue (mg/L) 213 166 172 183 
S.S. (mg/L) '6.10 4.82 2.20 2.03 
V. S. S. (mg/ L) 3.83 3.60 1.29 1.23 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: __ H_i_dd_e_n_L_a_k_e __ _ SAMPLE DATE : ___ 9/~13=/...:.:8;.:.:.S_(~o=.!l..:9'-'9...-i=n.._) -
SAMPLE TYPE: _...i.Su.t~ormwiUWla.at.i..Jie ...... r __ OTHEH: 3.33 hr., O. 72 day ant. dry 
PARAMETER Stonnw::it-,,..,.. c:~mn1"' 
1 2 3 4 
pH 5.18 5.12 5.24 5.45 
Spec. Cond {µmhos/crn) 76 62 ~~ ~a 
Temp. (oC) 
---- ---- ---- ----
Diss. 02 (mg/L) 
---- ---- ---- -- --
ORP ( MV) 
---- ---- -- -- ----
Alkalinity (mg/L) 37.9 34. 7 32.6 36.9 
Turbidity (NTU) 1.5 5.9 8.3 7.2 
-
Anmonia (µg/L) 24 29 29 21 
Nitrite (µg/L) 2.0 2.5 3.0 2.5 
Nitrate (µQ/L) 172 206 155 100 
Organic-N (µg/L) . 582 638 577 524 
Diss. O.P. (µg/L} 35 36 36 32 
Total p (µg/L) 65 68 72 57 
Phenol f µg/l) <1 <1 <1 <1 
-
TOC (mg/L) 9.7 5.1 3.9 4.4 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/L) 1.2 2.4 1.3 1.5 
Color (Pt-Co units) 107 95 97 112 
Total Residue {mg/L} 86.1 81.4 68.9 190 
s. s. (mg/l) 5.44 4.83 2.92 3.08 
v.s.s. (mg/L) 2.69 2.47 1.43 1.95 
LOCATION: Hidden Take 
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PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 9/17/85 C0.19 in} 
SAMPLE TYPE: Stopuwater OTHEH: 1 33 ham, O 74 daj' a11t. ery 
-
- ~"'T' ~rnnnle ..... PARAMETER 
1 2 ~ 4 
pH C\_RQ 5.41 5.57 5.34 
Spec. Cond (µmhos/crri) 
1.:11 134 167 139 
Temp. (oC) 
--- --- ---
---
Diss. 02 (mg/L) 
--- --- -- -
---
ORP ( MV) 
--- --- -- -
-- -
Alkalinity (mg/L) C\R _Q 34.7 36.9 30.5 
Turbidity (NTU) n_n 1.2 0.9 0.8 
Anrnonia {µg/L) 
1 RO 183 154 177 
Nitrite (µg/L) <0.1 <0.1 <0.1 <0.1 
Nitrate ( µ9/L) 
IF.7 87 79 59 
Organic-H (µg/L) 
'tQf, 393 422 399 
Diss. 0. P. ( µg/L} 
?Q 34 20 22 
Total p (µg/L) 
A7 56 52 47 
Pheno 1 f µg/L) <1 <1 <1 <1 
TOC (mg/L) 18.2 13.7 12.4 12.7 
Oil, Grease {mg/L) <2 <2 <2 <2 
BOD (mg/L) () i; 1.1 0.9 2.5 
Color (Pt-Co units) 101 104 99 115 
Total Residue (mg/L} 138 132 130 142 
- -
S.S. (.mg/L) 2.'n 1.21 1.34 0.90 
V. S.S. (mg/L) o_n (J.07 0.33 0.22 ~-
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION : __ H_id_d_e_n _L_a_ke __ _ SAMPLE DATE: 10/30/85 ( 0. 44 in) 
SAMPLE TYPE~ _..;;...St.;..;o.._~_·a_te.._r _ OTHEH: 0.17 hr., 0.40 day ant. dry 
PARAMETER Stonnwater Samnle 
1 2 3 4 
pH 6.51 5.98 6.55 6.35 
Spec. Cond ( lJmhOS/Cl'TI) 158 79 127 135 
Temp. (OC) 
--
-- -- --
-
Diss. 02 (mg/L) 
-- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/l) 65.3 25.8 43.7 36.3 
Turbidity (NTU) 1.0 1.0 0.9 0.8 
Amnonia (lJg/L) 20 S4 64 67 
Nitrite (\,JQ/l) 0.7 0.8 0.6 0.9 
Nitrate (iiQ/L) 48 57 63 48 
Organic-N (llg/L) 707 491 481 418 
Diss. O.P. (llg/L) 19 51 so S7 
Total p (llg/L) SS 76 89 73 
Pheno 1 f iig/L) <l <1 <1 <1 
TOC (mg/L) 15.2 15.5 13.0 14.2 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/l} 1. 7 0.6 1.3 0.6 
-
Color (Pt-Co units) 148 111 47 42 
Total Residue {mg/L) 121 119 115 112 
S.S. {mg/L) 2.81 2.25 2.39 1.87 
V. S.S. (mg/l) 2.03 1.54 1.16 1.01 
227 
PHYSICAL CHEMICAL PARAMETERS 
LOCATION: _...;.;H=-id,;;.;d~e-=n...;;;La~ke;;...._ _ SAMPLE DATE: 11/9/85 (0.62 in) 
SAMPLE TY PE : -"""'S.-to-..-nm.............,·a....,t-.-e ..... r __ OTHEH: 5.00 hrs, 5.87 days ant. dry 
PARAMETER Stonnwater s~nnle 
1 2 3 4 
pH 6. 71 6.29 6.35 6.45 
Spec. Cond ( µnttos I cJTJ) 168 146 132 121 
Temp. (OC) 
-- -- ---
Diss. 02 (mg/L) 
-- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity (mg/L) 57.7 54. 2 49.3 48.2 
Turbidity (NTU) 1.6 1.0 1.0 0.9 
Amnonia (µg/L) 33 24 21 30 
Nitrite (µg/L) 0.5 0.5 0.9 1.0 
Nitrate (µQ/L) 56 47 47 51 
Organic-H (µg/L) 634 461 464 394 
Diss. O.P. (µg/l) 22 38 59 34 
Total p (µg/l) 71 75 87 61 
Phenol f µg/l) <l <l . <l <l 
TOC (mg/l) 13.6 10.7 9.7 10.2 
Oil, Grease (mg/L) <2 <2 <2 <2 
BOD (mg/l) 0.6 0.9 3.1 0.5 
Color (Pt-Co units} 108 28 22 25 
Total Residue (mg/l) 118 110 105 97.2 
S.S. (mg/L} 2.09 2.21 1.92 1. 76 
V.S.S. (mg/L) 1.53 1.61 1.44 1.47 
LOCATION: Hidden Lake 
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PHYSICAL CHEMICAL PARAMETERS 
SAMPLE DATE: 11/11/85 (0.46 in) 
SAMPLE TYPE: Stopuwater OTHEH: 3.00 his, 1.84 days ant. dry 
PARAMETER Stonnwater Samole 
1 2 3 4 
pH 6.01 6.35 6.78 6.22 
Spec. Cond (i,imhos/cm) 128 133 140 132 
Temp. (OC) 
-- -- -- --
-Diss. 02 {mg/L) 
-- -- -- --
ORP (MV) 
-- -- -- --
Alkalinity {-mg/L) 51.6 50.0 62.1 50.5 
Turbidity (NTU) 1.8 1.5 1.4 1.0 
-
Amnonia {µg/L) 24 24 33 75 
Nitrite (i,ig/L) 0.6 0.7 0.9 0.2 · 
Nitrate ( i,i9/L) 69 51 45 45 
Organic-N (1-19/L) 491 521 391 500 
Diss. O.P. (\Jg/L) 32 59 35 25 
Total P (\JQ/L) 82 100 75 52 
Pheno 1 f µg/L) <1 <l <l <l 
TOC (mg/L) 5.4 11.0 11.5 12.3 
Oil, Grease (mg/L) <2 <2 <2 <2 
-
BOD (mg/L) 1. 7 3.3 1.3 0.2 
Color (Pt-Co units) 135 27 28 48 
Total Residue (mg/L) 109 112 102 101 
S.S. (mg/L) 1.81 1. 74 1.48 1.42 
-
V.S.S. (mg/L) 1.54 1.32 1.03 0.91 
-. 
APPENDIX III 
MEASURED CONCENTRATIONS OF WATER QUALITY PARAMETERS 
AND HEAVY METALS FOUND IN THE SURFACE WATERS OF THE 
WETLAND AT HIDDEN LAKE 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN LAKE SAMPLE DATE: --1~2::L./.:.!18~/~84~----
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: ~~--~~--~~~~-
PARAMETER WETLAND SITE 
WEIR 10 rn 25 rn 50 rn 75 rn 100 rn 125 rn 150 rn 
pH 6.58 6.60 6.39 6.25 6.10 5.95 c; 00 t; "7 
Spec. Cond (i.imhos/c111) 196 198 186 164 130 144 1.1.? 106 
Temp. (oC) 18.7 18.6 18.5 
-
19.2 18.4 18.0 1 R 6 19.7 
Diss. o2 (mg/L) 6.4 5.0 2.7 1.9 0.9 0.6 0.R 1-6 
ORP (MV) 370 448 377 347 258 191 ?F.O 2R4 
Alkalinity (mg/L) 80.1 87.0 80.1 60.5 40.4 50.0 c:.n c; ,n_n 
Turbidity (NTU) 5.7 5.2 12.0 7.4 6.9 7.2 7 - , , 7. _n 
ArTJnonia (i.ig/L) 151 116 85 72 94 160 1 ?C:. 76 
-
Nitrite (-µg/L) 1.2 1.2 < 0.1 < 0.1 0.2 1. 7 n 7 n_2 
Nitrate {:µg/Ll < 10 < 10 < 10 11. 7 <lO < 10 <1 n <, n 
Organic-N (i.ig/L) < 10 156 214 128 <10 150 .1.Rt; 7no 
Di SS. O.P. ( i.ig/L} 4 4 26 23 70 63 ;, 106 
Total P (i.ig/L) 49 49 61 73 130 98 , , t; 202 
Phenol (mg/L) <l < 1 < 1 < 1 <l < 1 < 1 <l 
TOC (mg/L) ...... 
-- --
·-
-... 
-- -- --
Oil, Grease C.mg/L) 
-- -- --
-- -- --
--
--
BOD (mg/L) 1.1 3.2 4.8 3.0 3.4 2.2 1. 7 . 3.9 
-
Col or (Pt-Co units) 71 49 133 93 180 114 109 253 
Total Residue {mg/L} 143 153 148 126 126 126 115 104 
S.S. (.mg/L) 1.6 11.5 5.3 2.1 2.6 1.3 1.0 1.5 
V.S.S. (mg/L) 1.5 1.0 2.9 1.9 2.4 0.8 0.5 1.4 
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: HIDDEN lAKE SAMPLE DATE: _..1"-'112..,1 ... s s"'-------
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: -----------
PARAMETER WETLAND SITE 
WEIR lOm 25m 50m 75m lOOm 125m 150m CONTROI 
r>H 6.87 6. 74 6.44 6.13 5.85 5.96 5.33 
Spec. Cond {µmhos/cm) 224 224 212 169 150 146 92 
Temp. (oC) 20.6 20.5 20.9 21.2 21. 7 ?1. 7 20.0 
-
Diss. o2 {mg/L) 6.2 3.9 1.2 1.2 0.8 0.9 ~ ~ o.s 
-
ORP (MV) 334 497 402 331 292 -z.77 192 
Alkalinity (mg/L) 97.5 94.1 90.7 66.4 54 .5 52.9 ~ ~ 11.9 
Turbidity (NTU) 3.4 4.5 4.2 6.6 11.0 i; - 1 ~ ~ ~ ') 
Arrmonia {µg/L) 69 73 82 305 478 11 n n? 
-
Nitrite (µg/L) <0.1 <0.1 <0.1 <0.1 <0.1 <n- 1 ~ ~ <n 1 
Nitrate (µ9/L) 22 38 32 31 24 ?7 ~ ~ 10 
-- -Organic-H {µg/L) 11 <10 516 ..... 10 ...-10 4Q7 17?.7 
Diss. 0. P • { µ g/ L} 6 7 13 43 78 oa '78 
Total p {µg/L) 51 52 66 74 103 140 ":tA 7 
Phenol {mg/L) <1 <l <1 <1 d .... 1 <1 
-
TOC {mg/L) 13.1 12.2 12.8 14.6 20.8 22.2 -z.c;.o 
Oil, Grease (mg/L) 
-- -- -- -- -- -- --
BOD { mg/L) 1.8 1.0 1.1 1.8 1.8 1.3 1. 7 
-
Color (Pt-Co units) 62 44 49 105 143 167 457 
Total Residue (mg/L) 152 143 120 102 116 116 122 
S.S. {mg/L) 4.6 2.4 3.6 4.2 8.5 2.9 3.1 
V.S.S. {mg/L) 1. 7 0.7 1.1 1. 7 2.9 1.0 1.5 
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PHYSICAL CHEMICAL PARAMETERS 
LO CAT I ON : __ H_I_D_D_EN_LAKE __ _ SAMPLE DATE: _ __;1:.4../;;.;15~/..;;;..85;;.._ _ _ 
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: -----------
PARAMETER WETLAND SITE 
WEIR lOrn 25m 50m 75m 10Cbn 125m 150m COJ<..'TROI 
pH 6.99 6.65 
Spec. Cond ( iimhos/cm) 244 225 
Temr. (OC) 12.6 13.1 
-
Diss. o2 (mg/L) 9.5 3.1 
ORP {MV) 492 448 
Alkalinity (mg/L) 99.0 38.4 
Turbidity (NTU) 7.2 z 8.3 7' "7' "7' .._ ...,,,. ...,,,. 
-....; \..j u u u 0 0 ATllTlonia (iig/L) · 54 -~ 117 -~ ~ ~ ~ ~ ~ 
- ~ ~ trl ~ ~ .. trl ~ Nitrite (µg/L) o.. 7 0.8 ~ ~ ~ ~ 
~ v "'O '"t:! i ""O "'O Nitrate (µg/l) 15 27 rn rn rn rn f.2 
~ ~ ~ ~ L~ E L:3 Organic-~ (µg/L) 381 ~ 299 ~ ~ 
Diss. O.P. (µg/L) 4 6 
Total p (1Jg/L) 
--
Phenol {mg/L) 
.. -
--
-
TOC (mg/L) 12.2 11.9 
Oil, Grease (mg/L) 25.1 21. 7 
BOD (mg/L) 2.2 2.3 
-
Color (Pt-Co units) 62 54 
Total Residue (mg/L) 189 . 158 
S.S. (mg/L) 4.1 4.4 
V.S.S. {mg/L) 2.1 2.2 
233 
PHYSICAL CHEMICAL PARAMETERS 
LO CAT ION: -~H;.;;.;ID=D-=EN--.-LAKE~--- SAMPLE DATE: ___ 1_./..;;;.3.-.i0/..;;;8~5---
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: ----------
WETLAND SITE 
PARAMETER 
WEIR lOm 2Sm SOm 75m 125m 150m CONTR1t L 
pH 7.55 
Spec. Cond (umos/cm) 243 
Temp. (oC) 12.8 
-
--
Diss. o2 {mg/L) 8.8 
ORP (MV) 532 
Alkalinity (mg/L) 99.0 ~ ~ ~ ~ ~ ~ ~ 
- -Turbidity (NTU) 4.1 ~ ~ ~ ~ ~ ~ ~ ;;,.;i '--.:I 
' ' 
Arrrnonia {µg/l) ~ ~ ~ IiJ trl ~ iTI ;o ::t:I <10 ~. 
- -
~ ~ . 
- ~ ~ ~ ~ fB ~ ~ ~ Nitrite (µg/L) 0.4 .J ~ 5a ~ Vl !:[) 
Nitrate (_µg/L l ~ 46 ~ ~ ~ ~ ~ ~ 
Organic-N (\.lg/L) 539 
Diss. O.P. (µg/L) 5 
Total P (µg/L) 30 
Phenol (mg/L) <l 
-
TOC (mg/L) 12.8 
Oil, Grease (mg/L) 10.3 
BOD (mg/L) 1.5 
-
Color (Pt-Co units) 58 
Total Residue (mg/l) 170 
S.S. (mg/L) 2.0 
V.S.S. (mg/L) 1.2 
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PHYSICAL CHEMICAL PARAMETERS 
L 0 CAT ION : HIDDEN LAKE SAMPLE DATE: _ _.2.._/...,.13"""'/..w8""""5 ----
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: 
--------------~ 
PARAMETER WETLAND SITE 
WEIR lOm 25rn 50m 75rn lOOrn l?t;m cr1N1"'• L 
pH 7.14 
Spec. Cond {µmhos/crn) 202 
Temp. (oC) 11.3 
Diss. o2 {mg/L) 10.5 
ORP (MV) 468 
Alkalinity (mg/L) 88.4 
Turbidity (NTU) 6.8 
Antnonia {µg/L) 54 ~ :z: ~ ~ ~ ~ :z: 0 0 
- - - -
- -
Nitrite (lJg/L) 0.4 ~ ~ ~ fJ ~ ~ >-
-
...... ~ ~ 8 
,_ ,_ 
Nitrate {,µg/Ll 27.7 ~ ~ ~ ~ "'c::I ~ ~ ~ 
Organic-N (µg/L) 490 ~ ~ ~ ~ ~ en ~ ~ 
- - - -Diss. O.P. (µg/L} 7 
Total p (µg/L) 21 
Phenol (mg/L) <l 
TOC (mg/L) 12.9 
Oil, Grease (mg/L) --
BOD (mg/L) 1.1 
-
Color (Pt-Co units) 53 
Total Residue (mg/l} 131 
s·. s. (mg/L) 2.8 
V.S.S. (mg/L) ' 1.1 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN LAKE SAMPLE DATE: __ 2...:.,/_2...;,7/_8_5 ___ _ 
SAMPLE TYPE: WETLAND SURFACE WATER OTHER:-----------
PARAMETER WETLAND SAMPLE SITE WEIR lOm .2Sm SOm 75rn lOOm 12Srn lSOm mNTROI 
pH 6.94 
Spec. Cond ( µmhos/cl'Tl) 232 
Temp. (OC) 20.8 
-
Diss. o2 (mg/L) 6.0 
ORP ( MV) 466 
Alkalinity {mg/L) 95.2 
Turbidity (NTU) 3.0 
Anmonia {µg/L) 25 ~ ~ ~ ~ ~ ~ :z ~ 0 
- ;:c, :::e: ;:c: . ~ ~ ;:c: ~ ~ Nitrite (µg/L) 0.6 ~ ~ ~ ~ ~ ~ ~ d 
:;t:J ::0 ::0 ::0 ::0 ::0 ~ ::0 Nitrate ( µ9/L) so ~ ::g ::g ~ ~ ~ ~ :::!:! 
rn ~ ~ ffl m m m ffi -Organic-N {µg/L) 410 f;j -~ tB 
....., ....., >-3 ~ o-3 >-3 ~ ~ Diss. O.P. (µg/L) 10 
Total p {µg/L) 86 
Phenol {mg/L) <1 
-
TOC (mg/L) 13.9 
Oil, Grease {mg/L) 11.6 
BOD (mg/L) 
. 2. 8 
-
Color (Pt-Co units) 54 
Total Residue (mg/L) 147 
S.S. (mg/L) 2.2 
( 
V.S.S. (mg/L) 1. 7 
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PHYSICAL CHEMICAL PARAMETERS 
LOCA1ION: HIDDEN l.AKE SAMPLE DATE: _..3.....,/1&.::;2.._/B .. s..__ ____ _ 
SAMPLE TYPE: Wetland Surface Water OTHER: -----------
PARAMETER Wetland Samole Site 
IWeir lOm 25m 50m 75m lOOm 125m 1 "J)m ir.nn"trn1 
pH 6.87 
Spec. Cond ( µmhos/crn) 222 
Temp. (oC) 21.4 
-
Diss. 02 (mg/L) 5.3 
ORP (MV) 507 
Alkalinity (mg/L) 74.7 
Turbidity (NTU) 2.2 z z z z z z z z 
(µg/L) u u u u 0 0 0 0 Amnonia 10 
Nitrite (µg/L) 0.3 ~ ~ ~ ~ ~ ~ ~ ~ 
Nitrate (µg/L) "fl> "fl> "fl> "fl> > > > > 36 ~ ~ ~ __, __, -~ -~ ' 
Organic-tt (µg/L) 538 tr1 tr1 tr1 tr1 tr1 tr1 tr1 tr1 
Diss. O.P. (-µg/L} 190 ~ ~ ~ ~ ~ ~ ~ ~ 
Total p (-µg/L) 222 .,, .,, .,, .,, .,, .,, .,, .,, 
Phenol (mg/L) <l ~ ~ ~ ~ ~ ~ ~ ~ 
- m m m m m tn tr.I m TOC (mg/L) 15.3 rri er. rri ,,.. ,,.. ,_ 
·- ·-
Oil, Grease (mg/L) 
..::2 tr.I tr1 tr1 tr.I m tr.I tr.I tr.I 
BOD (mg/L) 3.0 z z .z z z z z: z 
- '"":I '"":I '"":I ...., ~ ~ ...::! ~ Color (Pt-Co units) 52 
Total Residue (mg/L) 101 
S.S. (mg/L) 2.2 
v.s.s. (mg/L) 0.9 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN LAKE SAMPLE DATE: _3 __ / 27...;../_os ____ _ 
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: ----------
PARAMETER WETLAND STATION 
Weir lOrn 2Sm 50rn 75m lOOrn 12Sm 150rn 
pH 6.40 
Spec. Cond {t!ntlos/cm) 208 
Temp. (OC) 20.7 
-
Diss. o2 (mg/L) 6.1 
ORP (MV) 417 
Alkalinity (mg/L) 93.2 
Turbidity (NTU) 4.6 
Arrrnonia {lJg/L) 64 ~ ~ ~ z z z :&?" 
- - - - -
- - -Nitrite (µg/l) <0.1 ~ ~ ~ ~ ;::: ~ ~ ~ 
Nitrate ( lJQ/Ll 23 ~ ~ ~ ~ ~ ~ ~ 
~ 
Organic-N (µg/L) 425 ~ ~ ~ 61 ~ ~ ~ - ~ ~ ~ (/') ~ (/') (/') 
Diss.· O.P. (µg/L] 30 ~ ~ ~ ~ ~ ~ ~ 
Total P (µg/L) 44 
Phenol (mg/l) <1 
TOC (mg/L) 15.4 
Oil, Grease (.mg/L) <2 
BOD (.mg/l) 1.6 
-
Color (Pt-Co units) 66 
Total Residue (mg/L) 150 
S.S. (.mg/L) 2.~ 
V.S.S. (mg/L) 0.9 
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PHYSICAL Ct\E~ICAL PARAMETERS 
LOCATION: __ HI_D_DE_N_LAKE_- _ _ SAMPLE DA1£: 4/10/85 
~------~ 
SAMPLE TYPE: WETLAND SURFACE WATER OTHER: ----------
PARAMETER WETLAND SITE 
Weir 10 m 25 m SO m 75 m 100 m 125 m 150 m Contro 
pH 6.62 
Spec. Cond (µmhos/crri) 179 
Temp. (oC) 20.1 
-
Diss. o2 (mg/L) 6.3 
ORP (MV) 422 
Alkalinity (mg/L) 80.6 
Turbidity ( N1U) 7.0 
AITITlonia (lJQ/L) 61 
-
Nitrite (µg/L) 0.3 ~ ~ e ~ ~ ~ ~ e 
Nitrate {lJg/L) ~ ;:c: ~ ~ ~ ~ ~ :,£ 13 i-3 ~ i-3 1-4 ~ 
~ ~ ~ ~ UJ ~ ~ ~ Organic-~ (\,Jg/L) ;:t:I 211 
~ ~ m ~ ~ ~ •. I.! '..I Diss. O.P. (\Jg/L) 19 rn rn CJ) CJ) 
p { \JQ/L) ~ ~ ~ ~ ~ ~ ~ ~ Total 42 ~ 
Phenol (mg/L) <1 
TOC (mg/L) 1~ ·. 2 
Oil, Grease (mg/L) <2 
BOD (mg/L) 2.6 
-
Color (Pt-Co units) 65 
Total Residue (mg/L) 141 
S.S. (mg/L) 3.0 
V.S.S. (mg/L) 2.0 
• 
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PHYSICAL CHEMlCAL PARAMETERS 
LOCATION: HIDDEN LAKE SAMPLE DATE: ~~4-/_24~/~8~5~~~~ 
SAMPLE TYPE: WE'TLAND SURFACE WATER 
PARAMETER 
Wetland Sample Site 
Weir 10 rn 25 rn SO rn 75 rn rnn m 175 m lr:;n m '"'.nntrnl 
pH 6.68 
Spec. Cond { µmhos/cm) 176 
Temr. {OC) 26.5 
-
Diss. o2 {mg/L) s.o 
ORP { MV) 444 
Alkalinity {mg/L) 80.6 
Turbidity (NTU) 4.S 
All1llonia (µg/L) 40 ~ ~ ~ ~ ~ ~ :z ~ 
- -
-
- - - -
....... 
Nitrite {\JQ/L) 0.1 ~ ~ ~ ~ ~ ~ ;E'. ;E: 
Nitrate (\J9/L) S9 ~ @ ~ ~ ~ ~ ~ ~ ~ 
Organic-~ (\Jg/L) 324 ~ ~ ~ ;g ~ ;g ;g ;g 
O.P. (lJQ/L} ~ en ~ ~ ~ U5 ~ ~ Diss. 19 ~ ~ 
- - -
- -
. . . 
Total p (lJQ/L) SS 
Phenol (mg/L) 
'.'l 
TOC (mg/L) 16.6 
Oil, Grease (mg/L) 
<2 
BOD (mg/L) 3.S 
-
Color (Pt-Co units) 79 
Total Residue (mg/L) 147 
S.S. (mg/L) 4.3 
V.S.S. (mg/L) 3.1 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: _s~/8..._/....,8...._5 -----
SAMPLE TYPE: Wetland &irface Water OTHEH: ----------
PARAMETER Wetland Samnle Site 
Weir lOm 2Sm SOm 75m lOOm 12Sm lSOm control 
pH 
Spec. Cond (µmhos/crn) 
Temp. (OC) 
Diss. o2 (mg/L) 
ORP (MV) 
Alkalinity (mg/L) 
Turbidity (NTU) 
Arrrnonia (µg/L) 
~ ;::; ;::; ;::; ~ ~ ~ :z :z 
-
-
- -
- - - - -Nitrite (µg/L) ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Nitrate (µQ/L) ~ ~ ~ - ~ ~ ~ ~ ;a ~ 
- - -
Organi c-tJ ( µg/L) ~ ~ m rn ~ ~ ~ ~ ~ ~ en en 
Diss. O.P. (~g/L) ~ ~ ~ ?i ~ ~ ~ ~ ~ 
Total P (µg/L) 
-
Phenol f µg/L) 
TOC (mg/L) 
Oil, Grease (mg/L) 
BOD (mg/L) 
-
Color (Pt-Co units) 
Total Residue (mg/L) 
S.S. (mg/L} 
V.S.S. (mg/L) 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: __ 6W.J,/_s._,/s ..... s...__ __ _ 
SAMPLE TYPE: Wetland Sirfac:e Water 
PARAMETER Wetland Sample Site 
Weir lOrn 25m SOrn 75m lOOrn 125rn lSOrn contro 1 
pH 
Spec. Cond (lJmhos/cm) 
Temp. (OC) 
-
Diss. o2 (mg/L) 
ORP (M'v') 
Alkalinity (mg/L) 
Turbidity (NTU) 
Anmonia {lJg/l) 
-
Nitrite ( lJ9/L) ~ ~ ~ ~ ~ ~ ~ ~ ;::; 
- - -
-
Nitrate (lJ9/L) ~ ~ ~ ~ ~ ~ ~ - ~ ~ . 
Organic-N (µg/L) ~ ~ ~ ~ ~ ~ ~ ~ ~ 
-
.. ~ 
- - -
. 
rn f ' ~ ~ ~ IB ~ Diss. O.P. (lJg/L) . 
= 
(/') ;:..:; 
P (µg/L) ?i : ~ ~ ~ ~ ~ ~ Total ... 
Phenol f µg/L) 
TOC (mg/L) 
Oil, Grease (mg/L) 
BOD (mg/L) 
-
Color (Pt-Co units) 
Total Residue (mg/L) 
S.S. (.mg/L) 
V. S.S. (mg/L) 
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: Hidden Lake SAMPLE DATE: _ _...;6~/.;;;;...19 ..... / ...;;;.8.;...5 ___ _ 
SAMPLE TYPE: Wetland Surface Water OTHER: ----------
PARAMETER Wetland Sample 
Weir lOm 25rn 50m 75rn lOOrn 12Srn lSOrn control 
pH 6.34 
Spec. Cond ( µmhos/cm) 192 
Temp. (oC) 29.8 
-
Diss. o2 (mg/L) 7.4 
ORP ( MV) 435 
Alkalinity (mg/L) 81.6 
Turbidity (NTU) 0.6 
Anmonia (µg/L) 41 
Nitrite (µg/L) ~0.1 ~ ;:: ~ ~ ~ z: ~ z: 
- - - -
...... ..... 
Nitrate (itQ/L) 72 ~ ~ ~ ~ ~ ~ ~ ~ 
Organic-~ (µg/L) ,,, ~ ~ ~ ~ s:e ~ ~ 444 F;:; h1 h1 
Diss. O.P. (itg/L) ~ ffi ~ ~ ~ ~ ~ "'ti 21 el 
Tota 1 P ( µg/L) 44 ~ ~ ~ ~ ~ ~ ~ ~ 
Pheno 1 f l-19/L) <1 
TOC (mg/L) 15.4 
Oil, Grease (mg/l) <2 
BOD (mg/l) 1.1 
Color (Pt-Co units) 76 
Total Residue (mg/L) 152 
S.S. (mg/L) 0.6 
V.S.S. (mg/L) 0.6 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 7._/3.....,/_8_5 ------
SAMPLE TYPE: Wetland Surface Water OTHER: -----------
PARAMETER Wetland Locatiom weir llml L5m :!!;'UJil /5m lUlml ll5m 15um ~Ofl'tTOl 
pH 6.61 . 6.68 5.81 
Spec. Cond (µmhos/cm) 174 ·174 151 
Temp. (OC) 31.8 31.3 27.5 
Diss. 02 (mg/L) 11.8 10.8 2.1 
ORP (MV) ~ ~ ~ z ~ ~ 473 477 268 0 
Alkalinity (mg/L) ~ ~ ~ $; >= ~ 66.0 5S.3 64.1 @ @ @ @ 
- - """ """ -
r-
Turbidity (NTU) 2.1 2.0 1. 7 ~ ~ ;g "'l:l ;g ;g ::t:i ::t:i 
ArTITlonia (µg/L) 20 17 136 ~ ~ ~ ~ ~ ~ 
..... .... ..... ..... ..... , 
Nitrite {µg/l) 0.4 0.4 0.6 
Nitrate ( µg/L) S3 SS 55 
Organic-N {µg/L) 434 437 439 
Diss. 0. P. ( µg/L) 18 15 44 
Total p (µg.(L) 28 31 54 
Phenol f µg/L) ~ <1 <1 
TOC (mg/t) 15.0 17.4 19.2 
Oil, Grease (mg/l) <2 < 2 < 2 
BOD {mg/L) 1.6 1.9 1.0 
Color (Pt-Co units) 69 81 136 
Total Residue (mg/L} 140 162 149 
S.S. (mg/L) 0.99 0.73 2.07 
V.S.S. {mg/L) 0~64 0.53 0.92 
244 
PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: _ .... Z"""'/.-,;l8~/..111:8"""'S ____ _ 
SAMPLE TYPE: Wetland &lrface Water 
PARAMETER Wetland Sta ti on 
Weir lOm 2Sm SOm ?Sm lOOm 12Sm lSOm Contro] 
pH 6.3S 6.32 6. 1Q 6 'n F. ., c:. F. ()A ~ 0? ~ R1 .d. Ii.(\ 
Spec. Cond (lJmhos/crn) 6S 66 74 70 7() 7() Ii.ti f,f, li.O 
Temr. (oC) 26.2 26.2 ?F.. 1 7.n.O ?r;. R ,~ Q 7.F. n 
" 7 24. 7 
Diss. 02 (mg/L) 6.7 7.1 5.8 6.5 c:. ., 
' 1 .d. ~ 5.0 3.1 
ORP (MV) 470 463 423 4nn A~(\ AA? A'tli. 442 339 
Alkalinity (mg/L) 30.1 30.1 36.9 34 .0 't., n ,,_n "' - , 3Ll 9.7 
Turbidity (NTU) 24.0 23.0 7R.n 26.0 .,.., n 7..1 n 
" n 
1R_O 14.0 
Arrmonia (lJg/L) 43 26 31 31 ~ ?R ~, 28 58 
Nitrite (lJg/L) 2.2 3.8 3 2 2_g ., a 7 7 7 7 2.2 2.9 
Nitrate (lJQ/L) 129 125 110 1, 7 1nn inn OR 87 87 
Organi c-rJ ( µg/L) 411 S19 574 545 ..1121 r;.,f7 47' 426 30S 
Diss. O.P. (µg/L) 71 68 ~~ 57 r;.a c:c: ~7 so 31 
Total P (µg/L) 162 147 207 1"' 1't~ 1 F. c: un 117 SS 
Pheno 1 f µg/L) <l <1 <1 <1 <1 <1 <1 <1 <1 
TOC (mg/L) 8.8 8.3 9.6 9.7 Q_7 9.7 10.4 11.8 so.o 
Oil, Grease (mg/L) <2 5.0 3.0 <2 ~-n <2 <2 4.0 4.0 
BOD (mg/L) 2.8 3.5 3.2 3.2 ~-2 2.7 2.4 2.1 1.9 
Color (Pt-Co units) 79 139 129 147 l?Q 192 192 228 SSS 
Total Residue (mg/L) 5S.8 130 136 134 137 121 139 131 172 
S.S. (mg/L) 13. 7 19.4 2S.7 20.7 21.0 18.1 16.3 24 .s 4.96 
V. S.S. (mg/L) 4.58 5.56 8.03 5.61 ~.71 5.00 4.55 7.13 4.69 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION <JIDDEN LAKE SAMPLE DATE: --S-/-~-/gl'l>-i'~-----
SAMPLE TYPE: WEIIAND SJIRFACE WATER 
PARAMETER WETT A.N1 ~Tli.TTrhl 
WEIR lOrn 25m SOm 7Sm lOOrn 125m lSOm Con tr ol 
pH 6.45 6.38 6.58 
Spec. Cond (llmhos/crn) 220 221 221 
Temp. (OC) 29.S 28.5 28.2 
-
Diss. o2 (mg/L) 10.4 B.O 7.6 ~ ~ ~ ~ z ~ 0 
- - - -
-
-
ORP (MV) 451 465 482 ~ ~ ~ -> )> I $! ::..::: fr1 ~ ~ 
Alkalinity {mg/L) 65.1 - or- I ,.., 71.9 50.5 ~ ~ ~ ~ ~ ~ I 
Turbidity (NTU) 1.2 0.8 1.0 ~ ~ ~ ~ ~ ~ 
-
. . . 
Anrnonia {llg/L) 27 24 24 
-
Nitrite {lJg/L) < 0.1 <0.1 4>.1 
Nitrate (i.iQ/L) 29 2~ 17 I 
Organic-H (i,ig/L) 306 309 1036 
Diss. O.P. {i,ig/L) 49 12 15 
Total P (iig/L) so 14 80 
Phenol f µg/L) <1 <l <l 
TOC {mg/L) 15.0 13.9 15.0 
Oil, Grease (mg/l) k2 <2 <2 
BOD {mg/L} 1.9 2.I 2.9 
Color (Pt-Co units} 69 75 66 
Total Residue (mg/L) 192 203 203 
S.S. (mg/L) 0.86 0.98 6~00 
V.S.S. (mg/L) 0.52 El. 4l) 5.74 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden lake SAMPLE DATE: __ 8!,..;/3;;..;;0..:_/8;;;..;S;...__ _ _ 
SAMPLE TYPE:Wetland Surface Water OTHEH: -----------
Wetland Station PARAMETER 
!Weir 10 m 25 m SO m 75 m 100 m 125 m 150 m :ontrol 
pH 6.11 6.16 6.16 6.04 6.03 5.78 5. 72 5.55 4.63 
Spec. Cond ( µmhos/crn) 131 148 153 143 144 126 118 102 101 
Temp. (OC) 27.9 27.7 27.8 27.7 27.8 27.5 27.2 27.1 25.8 
Diss. o2 (mg/L) 5.3 5.0 4.2 2.2 2.9 0.3 0.3 1.4 0.3 
ORP (MV) 422 421 332 189 189 191 189 194 57 
Alkalinity (mg/L) 74 .8 86.3 72. 7 73.7 72. 7 61.1 53.7 45.3 12.6 
Turbidity (NTU) 1.1 1.2 0.9 0.8 1.3 1.1 1.0 1.1 0.5 
Amnonia (JJg/L) 36 54 33 97 57 66 69 100 42 
Nitrite (µg/L) 0.2 0.2 0.2 0.3 0.2 <0.1 <0.1 0.2 0.2 
Nitrate (JJQ/L) 32 38 36 44 44 46 40 27 34 
Organic-N (i,ig/L) 449 431 452 327 428 540 537 688 1655 
Diss. 0. P. (it g/ L) 32 24 23 35 33 49 SS 81 153 
Total p (JJg/L) 48 36 23 35 39 58 79· 106 184 
Phenol f µg/L) <l <l <l <l <1 <l <1 <l <l 
TOC (mg/L) 16.5 12.7 15.6 8.2 15.6 17.S 18.3 21.2 so.a 
Oil, Grease (mg/L) <2 <2 <2 <2 <2 <2 <2 <2 <2 
BOD (mg/L) 0.6 0.4 0.9 1.0 0.8 0.7 0.7 1.1 0.7 
-
Color (Pt-Co un;ts) 83 104 77 101 109 137 175 206 584 
Total Residue (mg/L) 146 154 149 151 142 155 139 144 154 
S.S. (mg/L) 0.87 1.15 0.37 1.13 0.86 0.80 0.79 0.78 0.39 
V.S.S. (mg/L) 0.83 0.60 0.09 1.03 0. 79 0. 72 0.75 0.51 0.15 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION:Hidden Lake SAMPLE DATE: _ _.9 ..... 1_1 _6/....,a ... s______ _ 
SAMPLE TYPE:Wetland Surface Water OTHEH: -----------
PARAMETER Wetland Sa.mole 
Weir 10 m 25 m SO m 75 m 100 m 125 m 150 m ~ontrol 
pH 6.52 6.61 6.49 6.29 6.14 5.99 5.99 5.75 4.95 
Spec. Cond ( µmhos/cm) 213 214 206 200 185 164 154 120 115 
Temp. (OC) 28.6 27.8 27.S 25.9 25.3 24.3 24 .1 24 .1 23.6 
Diss. 02 (mg/l) 8.1 7.6 5.3 2.5 2.6 3.3 1. 7 1.8 0.5 
ORP (MV) 311 318 155 156 119 112 172 204 9 
Alkalinity (mg/L) 83.2 86.3 70.6 69.5 74.8 59.0 54.8 40.0 20.0 
Turbidity (NTU) 1.2 1.2 1.6 1.8 1.5 1.3 1.4 1.6 0.6 
Arrmonia (µg/L) 27 27 24 70 33 61 27 61 24 
Nitrite (llg/L} <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1 
Nitrate {µQ/L) 57 43 49 37 37 47 43 35 20 
Organic-N {µg/L) 427 367 309 384 421 515 670 757 1642 
Diss. O.P. {-µg/L) 26 14 24 23 35 60 47 89 144 
Total p {-µg/L) 40 20 32 4S SS 7S 91 140 169 
Pheno 1 f µg/L) <1 <l <1 <1 <l <l <l <1 <1 
TOC (mg/L) 13.2 16.l 15.5 16.5 18.3 16.S 19.3 23.8 54.9 
Oil, Grease (mg/L) <2 <2 <2 <2 <2 <2 <2 <2 <2 
BOD (mg/L) 0.4 0.9 0.4 0.2 0.3 0.4 0.7 0.7 0.6 
-
Color (Pt-Co units) 78 103 87 98 104 129 187 221 S64 
Total Residue (mg/L) 147 168 155 175 186 148 185 174 194 
S.S. {mg/L) 0.61 0.97 1.11 0.79 0.83 0.93 0.80 0.8S 0.76 
V.S.S. (mg/L) 0.38 0.84 0.98 0.68 0. 71 0.85 0.62 0.53 0.59 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: _...:.H~i~dd:::.:e:::.:..n~La=k=e'---- SAMPLE DA TE: _----.9~/ 3.u.iO~/.i.i...8 sol-----
SAMPLE TYPE: Wetland Surface Water OTHER: -----------
PARAMETER Wo+l ~·11'1 T rv-<>+ 1 ,..,,.., 
Weir 10 rn ?~ m r:.n m 75 m 1 ()() m 17~ m 1 !:;() m ,- 1 
pH 
n.r:.o 6.61 6-47 6.16 5.99 S.82 5.82 5.69 4.98 
Spec. Cond {µmhos/crn) 230 231 77~ 212 198 168 169 151 95 
Temp. (oC) 28. 7 27_8 ?7. ~ 26.3 25.9 25.5 25.4 25.2 25.1 
Diss. 02 (mg/L) CL4 fLR .d. 1 2.3 0.7 0.4 0.4 0.3 0.8 
ORP (MV) 276 7f\() f..Q 114 57 75 101 40 59 
Alkalinity (mg/L) 94.8 86.3 RL1_7 79.0 72. 7 55.8 55.8 51.6 14. 7 
Turbidity {NTU) O_n LQ n f\ 0.8 o.~ 0.7 0.8 0.8 0.5 
Arrrnonia {µg/L) 43 80 86 RQ ... 29 17 ?Q ,, 94 
Nitrite {µg/L) 
<0- 1 ...-(). 1 ..... n 1 ..... n 1 ,...() , ..... n 1 ..... n 1 ,...() , ..... n , 
Nitrate {µg/L) 
f\1 C? C? 61 so 52 n3 r:.? 'tR 
Organic-N (µg/L) 
't.d.R 77.d. ?7? 271 442 465 ~?O t\7R 11Q't 
Diss. O.P. (lJg/L) in 1n 10 24 36 so ClR f\.d. Of.. 
Total P ( l-19/L) An . AC A? 39 75 103 1,7 177 , 7't 
Phenol f µg/L) 
<1 ..... 1 ..... 1 .... 1 <'1 ..... 1 ..... 1 ..... 1 _., 
TDC {mg/L) 11.6 11.7 13.2 13.2 14_.9 1-.6-. 9 16~8 20-2 ~7. 1 
-
Oil, Grease (mg/L) 
<? <7 <7 <7 <? ..... ? ..... ? .-? .-? 
BOD (mg/L) 
0 ~ n .& n 't 0.3 0.7 0.5 Q_4 n f\ (\ r;. 
-
Color (Pt-Co units} 11? , 10 107 98 133 1 Q.4 ?t;.Q C.Q1 I\ 1 
Total Residue {mg/L) 1 A 't 181 184 178 14R 1QQ ?n? l'tO , 7r;. 
S.S. (.mg/L} n c.;.. n 't7 0.69 0.93 O.M:. 1 1R 1 I\, n AA 0 r;.7 
V. S.S. {mg/L} 0 't? n 'to n , o 0.11 0.08 o_n;.. n n't n 1? n .,., 
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON : _ .. H -a.id6Md~en~L-akloWe __ _ SAMPLE DATE: ___ 1..w.0_12_1.._/....,8 s..._ __ _ 
SAMPLE TYPE: Wetland Surface Water 
PARAMETER Wetland Station 
Weir !Orn 25m 50rn 75m lOOrn 125m 150rn ~ontrol 
pH 6.31 6.30 6.37 6.21 5 RR r,_ 77 5.82 5.58 s 11 
Spec. Cond {µmhos/cm) 180 181 181 . 179 1 f\() 1 ~7 158 1 ?.7 R~ 
Temp. (oC) 26.2 25.4 25.4 
-
25.0 ?~ () 24 .4 24.4 7L1 () 7.1 n 
Diss •. o2 (mg/L) 5.3 4.1 4.0 2.2 0 ft 0.4 0.4 0.7 n L1 
ORP (MV) 233 223 181 82 -1R 15 26 ~.1 
-"' 
Alkalinity (mg/L) 72. 7 74.8 71.6 58.4 57.4 56.9 58.4 43.2 14 ? 
Turbidity (NTU) 1.3 1.6 0.8 1.1 17 1.6 2.1 1 . r, n 7 
Anrnonia (1-19/L) 14 9 11 14 9 62 
'' ' 
1L1 
Nitrite (1-19/L) 0.5 0.5 0.5 0.3 0 ' 0.5 n.~ n r. n ~ 
Nitrate (1-1Q/L) 16 33 33 24 ?.1 27 '~ ?? ?() 
Or9anic-N (1-1g/L) 653 688 565 653 ~07 726 634 R.15 11QR 
Diss. O.P. (µ9/L) 12 22 31 32 47 70 66 R~ ,,~ 
Total P (1-19/L) 36 45 41 37 96 113 151 175 17~ 
Pheno 1 f 1-19/L) <1 <1 <1 <1 <1 <1 <l <1 <l 
TOC (mg/L) 24.7 24.1 23.8 22.0 21.7 24.3 22.9 27.5 41. 7 
Oil, Grease (mg/L) <2 <2 <2 <2 <2 <2 <2 <2 <2 
BOD (mg/L) 0.3 0.8 0.3 0.3 0.2 0.4 0.6 . 0.3 0.3 
Color (Pt-Co units) p6 164 146 143 173 194 266 277 499 
Total Residue (mg/L) 154 pg 133 145 158 201 165 140 199 
S.S. (mg/L) 0.88 1.58 1.08 1.25 1.51 1.91 2.52 1.88 0.51 
V. S.S. (m9/L) 0.13 0.49 0.13 0.30 0.25 0.21 0.27 0.18 0.11 
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: __ .... 1=1._/=12;;.l,./..;.8.-..5 __ _ 
SAMPLE TYPE: Wetland Surface Water 
PARAMETER Wetland Station 
Weir lOm 25m SOm 75m lOOm 12Sm 150m Control 
pH 6.19 6.28 6.22 6.23 6.05 6.00 S.93 S.n7 5.00 
Spec. Cond ( \,JmhOS/CM) 173 171 164 170 162 151 1 A' 11 A 90 
Temp. (OC) 23.5 23.8 24.3 23.4 23.3 22.8 22.3 77.2 21.4 
Diss. Oz (mg/L) 6.1 6.4 2.9 3.8 1.4 1. 7 L' 1 7 0.8 
ORP (MV) 213 230 22 97 0 33 ~R -R -39 
Alkalinity (mg/L) 50.2 48.4 52.1 50.0 50.0 43.7 50.0 '7.6 16.3 
Turbidity (NTU) 1.0 1.2 1.1 1.0 1.4 1.2 ]. 1 1.0 0.6 
Arrmonia (\,Jg/L) 33 30 84 36 15 'Q S7 
'" 
36 
Nitrite (\JQ/L) 0.2 0.2 0.3 0.2 <0.1 0.7 0.7 0_7 0.5 
Nitrate (\J~/L) 10 12 10 12 <10 <10 17 17 10 
Organi c-t~ ( \Jg/L) 512 455 461 509 500 476 t;..dQ QQA 933 
Diss. O.P. (\JQ/L) 21 22 37 19 32 34 45 'Q 76 
Total p (µg/L) 28 40 62 24 45 38 54 1?? 139 
Phenol r l-19/L) <1 <1 <1 <1 <1 <l <l <l <l 
TOC (mg/L) 14.5 19.8 14.0 14.7 15.0 16.0 16.4 19.0 27.7 
Oil, Grease (mg/L) <2 <2 <2 <2 <2 <2 <2 <2 <2 
BOD (mg/L) 0.5 0.6 2.9 1.2 1.2 0.7 1.0 1.5 0.6 
-
Color (Pt-Co units) 111 72 71 76 68 68 84 140 289 
Total Residue (mg/L) 162 155 149 145 163 199 155 144 204 
S.S. (mg/L) 0.'65 1.16 1.91 1.44 1.65 2.07 1.05 1.'2 2.28 
V.S.S. (mg/L) 0.45 0.84 1.11 1.02 1.31 1.43 o. 72 O.QR 1.84 
APPENDIX IV 
MEASURED CONCENTRATIONS OF WATER QUALITY PARAMETERS 
AND HEAVY METALS FOUND IN THE GROUNDWATERS OF THE 
WETLAND AT HIDDEN LAKE 
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PHYSICAL CHEMICAL PARAMETERS 
LO CAT I ON : _ _;H:..::i:;.;· d:.=d.=..:en~La::::.:k:.:.::e::.-__ SAMPLE DATE: _1_1/;__2_0.;._/8_4 ____ _ 
SAMPLE TYPE: Grotmdwater t-tmjtoring Wells OTHER: -----------
PARAMETER Moni taring Wells 
1 .. 0.1 1-0.5 1 _, n "-" , 2-0 5 2-1 n '-n 1 '-n i; ,_, n 
11H 
r;. ?Q 5_35 5.30 5.62 5.57 5.46 
Spec. Cond {µmhos/crri) 122 111 115 185 144 143 
Temp. {OC) 20.9 21 4 21.9 19.5 19.7 21.5 
-
Diss. o2 (mg/L) 0.0 o.o o.o 3.3 0.0 o.o 
ORP ( MV) 115 74 61 63 11 4 
Alkalinity (mg/L) 27.0 38.9 102 55.1 46.4 41.0 
Turbidity (NTU) 43 so 110 12 12 17 
Anrnonia {µg/L) 
<10 42 185 580 502 520 
Nitrite (µg/L) 
<0.1 0.2 <0.1 0.9 ~ ~ ~ 0.8 1.3 ~ 
~ ~ 
Nitrate ( µ9/L) 
<10 <10 <JO <10 <10 <10 ~ ~ ~ 
Organic-~ (µg/L) 
- - -~ ....... ;z: --- --- --- --- --- --- ~ ~ ~ ~ Diss. O.P. (µg/L) 13 11 25 9 19 49 f: ~ 
rrl ff1 f":j Total P (lJg/L) c c 0 94 63 25 58 280 306 
Phenol {mg/L) 
<1 <1 <1 <1 <1 <1 
-
TOC {mg/L) 26.~ 13.2 15.4 16.2 19.6 27.8 
Oil, Grease {mg/L) 
--- --- --- --- ---
---
BOD (mg/l) 5.8 4.6 3.6 8.1 7. 0. 11.6 
-
Color {Pt-Co units) 211 105 351 30 97 200 
Total Residue (mg/L) 
--- --- --- --- --- ---
-
s. s. (mg/l) 
--- --- --- --- --- ---
v.s.s. (mg/L) 
--- --- --- --- ---
---
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION : __ H_,,;;i.;..;;;d_de.-.n----.La .... k_e __ SAMPLE DATE: _1"""'1"""1~20>1.J,./_..84.__ __ _ 
SAMPLE TYPE; Groundwater Monitoring Wells OTHER: -----------
PARAMETER f-bnitnThio \VP11 c: 
4-0.ln ~-0.5m 4-1.0m 
pH 5.54 5.47 5.52 
Spec. Cond ( µmhos/crn) 111 115 143 
Temp. (OC) 19.1 19.6 20.3 
Diss. o2 (mg/L) o.o 0.0 0.0 
ORP (MV) 32 18 10 
Alkalinity (mg/L) 19.4 21.6 29.2 
Turbidity (NTU) 23 24 21 
Amnonia {µg/L) 702 784 715 
Nitrite (µg/L) 1.2 0.2 0.2 
Nitrate (ii9/L) <10 24 <10 
Organi c-r~ ( iig/L) 
--- --- ---
Diss. o.r. (µg/L) 335 326 237. 
Total f> (µg/l) 447 389 483 
Phenol (mg/l) <l <l <f 
TOC (mg/L) 44.0 44.4 50.7 
Oil, Grease (mg/l) 
--- --- ---
BOD (mg/L) 10. 7 11.1 11.2 
Color (Pt-Co units) 653 734 509 
Total Residue (mg/l) 
--- --- ---
s. s. (mg/l) 
--- ---
V. S.S. (mg/l) 
--- --- ---
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN I.AKE SAMPLE DATE: ...,1..,.2.:...-....,2.._7-~8~4 ____ _ 
SAMPLE TYPE: MJNITORJNG WELLS 
PARAMETER ~ITORING WELL 
i.-0.1111 1-0.Sm 1-1.0m 2-0.lm 2.0.Sm 2-1.0m 3-0.lm )-0. Sm 3-1.0m 
pH 4.89 S.06 S.07 S.R?. c; c;7 S.31 c; ,,~ c;,n S.S6 
Spec. Cond ( i.imhos/cm) 1S8 146 114 ~7c; 1A1 17.1 171 ilt;l 160 
Temp. {OC) 20.0 20.3 21.2 
-
1n.o , o c; 70.1 18.9 1R c; 19.4 
Diss. o2 {mg/L) 0.0 0.0 0.0 1.9 n n 0.0 0.0 1n n 0.0 
ORP (MV) 47 so so gc; AA ?7 69 7? 3S 
Alkalinity (mg/L) 20.5 40.8 37.3 277 .4 .1 c; .1 ,c;_4 83.7 l.d.F. c; 104 .~ 
Turbidity (NTU) 
-- -- -- -- -- --
--
--
--
Arrrnonia (µg/L) 248 184 136 c;1 o ?f.Q ~c;Fi 264 l'?Q S03 
-
Nitrite (µg/L) 2S.S 6.2 0.6 ~ n F. ? n Q O.~ 11 ? 4.2 
Nitrate (i.i9/L) 68 44 2S .1.1 
'' '' 
<10 l?R 16 
Organic-~ (µg/L) 622 <10 299 <1 n t;R <10 388 l71n 702 
Diss. O.P. (µg/L} 19 31 94 17 10 n7 118 
. ' ' 
16 
Total p (i.ig/L} 
-- -- --
-- -- --
--
--
--
Phenol {mg/L) 
-- -- -- -- -- -- -- --
--
-
TOC (mg/L) 62.3 29.6 6.33 17.2 1.1 c; 17.3 19.2 10.~ 19.0 
Oil, Grease (mg/L) 
-- -- -- -- -- --
--
--
--
BOD { mg/L} 5.3 2.S 2.5 10~·2 2.8 5.5 3.0 12 .4 6.0 
-
Color (Pt-Co units) 531 2SS 78 74 11 7 124 135 l'V1 62 
Total Residue (mg/L} 211 147 9S 231 , , F. 113 132 116 27S 
S.S. (mg/L) 
-- -- -- -- -- -- --
--
--
v.s.s. (mg/L) 
-- -- --
--
-- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN~ SAMPLE DATE: ~~1~2-~2_7-_8_4 _____ _ 
SAMPLE TYPE: t.OJITORING WELLS OTHER: ------------------
PARAMETER t.rnITORING WELL 
~-0.lm 4-0.Sm 4-1.0m 
;;H 5.21 5.19 5.27 
Spec. Cond (µmhos/cm) 110 117 155 
Temp. (OC) 18.8 18.6 19.2 
-
Diss. o2 (mg/L) o.o 0.0 0.0 
ORP (MV) 73 53 43 
Alkalinity (mg/L) 20.5 13.1 53.4 
Turbidity (NTU) 
-- -- --
AITlllonia (iig/L) 507 651 615 
-
Nitrite (iig/L) 3.0 0.3 0.6 
Nitrate ( iiQ/L) <10 12 16 
Organic-~ (iig/L) 2856 1959 1560 
Diss. O.P. (iig/L) 534 366 337 
Total P (iig/L) 
-- -- --
Phenol (mg/L) 
-- -- --
-
TOC (mg/L) 41.2 39.6 55.4 
Oil, G~ease (mg/L) 
-- -- --
BOD {mg/L) 3.3 3.6 3.4 
-
Color (Pt-Co units) 521 548 438 
Total Residue (mg/L) 146 157 167 
s. s. (mg/L) 
-- -- --
V.S.S. (mg/L) 
-- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN I.A}(f SAMPLE DATE: _..,;l -..,.2.....,3.-...-B.._.5...__ __ _ 
SAMPLE TYPE: GROINfWATFR M)NITQRING WELLS OTHER: -----------
PARAMETER KJNITORING WELL 
1-0.1 1-0.5 1-1.0 2 .. 0.1 2-0.5 2-1. 0. 3-0.l 3-.. ni: .3- 1 .. 0 
rH 4.99 5.13 5.09 5.87 S.2n 5.29 5.76 5.55 5.67 
Spec. Cond (iimhos/cM) 14S 126 129 87 171 124 161 152 345 
Temp. (oC) 16.7 17.8 18.5 
-
8.4 16 6 16.6 11.4 15.4 18.0 
Diss. o2 (mg/L) 0.0 o.o 0.0 8.8 0.0 0.0 o.o 0.0 o.o 
ORP (MV) 96 52 29 84 7 0 49 29 1 
Alkalinity (mg/L) 30.1 37.9 42.7 91.3 30 B 39 8 59.2 47.6 128 
Turbidity (NTU) 
-- -- -- -- --
--
-- --
A"'11onia (µg/L) 136 57 239 292 317 252 269 342 611 
-
Nitrite (µg/L) 8.4 0.3 <0.1 1.8 1 1 0.8 1.0 1.6 1.1 
Nitrate (µg/L) 62 5 44 34 23 24 16 43 46 
Organic-~ {µg/L) 680 <10 <10 306 177 346 329 365 966 
Diss. o.r. (ug/L) 4 7 <1 8 56 49 56 24 18 
Total p (µg/L) 
-- -- --
--... -
-- -- -- --
Phenol (mg/L) 
-- -- --
--
-- -- -- -- --
-
TOC (mg/L) 40.9 9.4 9.9 16.9 16.1 15.5 17.8 21.3 20.2 
Oil, Grease (mg/L) 
-.-
-- -- -- -- --
--
--
--
BOD (mg/L) 0.9 0.4 0.9 1.3 1.0 1.1 . 2.7 1.6 1.9 
-
Color (Pt-Co units) 354 224 320 151 151 131 169 196 181 
Total Residue (mg/L) 201 124 283 179 101 109 138 133 253 
S.S. (mg/L) 
-- -- --
--
-- -- -- --
v.s.s. (mg/L) 
-- -- --
--
-- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN I.AKE SAMPLE DATE: _ 1-_2_3_-s_5 ____ _ 
SAMPLE TYPE: GROOND\!ATER MJNITORING WELLS OTHER: -----------
MJNITORING WELL 
PARAMETER 
4-0.1 4-0.5 4-1.0 
nH 5.20 5.22 5.38 
Spec. Cond ( lJmhos/cm) 105 111 138 
Temr. (OC) 13.4 15.2 16.0 
-
Diss. o2 (mg/L) 0.0 0.0 0.0 
ORP (MV) 35 24 19 
Alkalinity (mg/L) 20.4 19.4 30.1 
Turbidity (NTU) 
-- -- --
Amnoni a ( lJQ/L) 345 746 766 
-
Ni trite ( \.19/L) <0.1 <0.1 <0.1 
Nitrate ( lJ~/L) 9 16 15 
Organic-N {~g/L) 1232 1701 1355 
Diss. o.r. (~g/L) 459 391 372 
Total p (~g/L) 
-- -- --
Phenol (mg/L) 
-- -- --
-
TOC (mg/L) 38.6 35.3 50.0 
Oil, Grease (mg/L) 
-- -- --
BOD (mg/L) 1.8 2.0 1.6 
Color (Pt-Co units) 549 655 542 
Total Residue (mg/L) 95 169 190 
s. s. (mg/L) 
-- -- --
v.s.s. (mg/L) 
-- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: __ H_I_D_DE_N_LAKE ___ _ SAMPLE DATE: __ 2._/2_0 __ / 85 ___ _ 
SAMPLE TYPE: GROUND\TATER IDNITORING WELLS OTHER: 
~---------~ 
PARAMETER MJNITORING WELL 
1-0.1.J 1-0.5rn 1-1.0rn 2-0.lrn 2-0.5rn 2-1. On 3-0.lm 3-0. Sn 3-1. On 
pH 5.39 5.48 5.38 6.23 5.69 5.36 5.70 5. 72 5.87 
Spec. Cond ( lJmhos/cm) 135 114 110 253 157 121 154 150 323 
Temp. (OC) 17 .4 17.8 18.8 16.0 15.0 17.0 15.5 15.4 17.7 
-
Diss. o2 (mg/L) 0.0 0.0 0.0 6.3 o.o 0.0 0.0 0.0 o.o 
ORP (MV) 240 224 214 408 280 224 277 274 456 
Alkalinity (mg/L) 32.0 35.9 34.0 105 50.5 34.0 52.4 50.5 119 
Turbidity (NTU) 12 76 120 9.6 5.2 7.2 4.4 3.6 2.9 
Afl111onia {µg/L) 193 122 94 476 226 348 268 297 745 
-
Nitrite (-µg/L) 8.8 0.8 2.4 0.4 0.4 0.9 0.6 0.6 1.4 
Nitrate (lJg/L) 105 30 17 80 28 8 21 89 79 
Organi c-tJ ( lJ9/L) 568 95 123 68 209 304 602 355 342 
Diss. O.P. (lJg/l) 7 21 30 14 12 48 72 62 22 
Total p (lJg/L) 
-- -- -- -- -- -- -- -- --
Phenol (mg/l) 
-- -- -- -- -- -- -- -- --
-
TOC (mg/L) 42.6 15·.5 20.2 23.2 14.7 20.8 19.1 18.3 17.2 
Oil, Grease (mg/L) 
-- -- -- -- -- -- -- -- --
BOD (mg/L) 1.6 0.8 0.9 1.S 1.1 1.5 6.1 2.1 2.6 
-
Color (Pt-Co units) 460 536 792 139 85 152 213 204 185 
Total Residue (mg/l) 171 170 131 172 129 101 128 119 225 
s. s. (mg/L) 
-- -- -- -- -- -- -- -- --
v.s.s. (mg/l) 
·-- -- -- -- -- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LO CAT I ON: __ H_m_n_!E_N_LAKE __ _ SAMPLE DATE: __ 2_12_0_1_85 ___ _ 
SAMPLE TYPE: GROOND MJNITORillG WELLS 
OTHER: ~-----------~ 
PARAMETER mNITORING WELL 
4-0.111 4-0.Sm 4-1.0rn 
pH 5.55 5.33 5.40 
Spec. Cond (µmhos/crri) 103 105 12Q 
Temp. (OC) 15.5 15.8 16-7 
-
Diss. o2 (mg/l) o.o 0.0 n n 
ORP (MV) 217 209 ?~c; 
Alkalinity (mg/l) 20.4 18.4 ?~L 2 
Turbidity (NTU) 3.1 3.0 
' t; 
Al'l'ITlonia {µg/L) 481 /\OR COA 
-
Nitrite (µg/l) 0.3 O.? n ' 
Nitrate (µQ/L) 25 23 17 
Organic-~ {µg/L) 1476 1476 11\RQ 
Diss. O.P. (µg/L) 409 303 383 
Total P {µg/l) 
-- -- --
Pheno 1 (mg/L) 
-- -- --
-
TOC (mg/L) 28.0 36 .• 2 37.8 
Oil, Grease (mg/L) 
-- -- --
BOO (mg/l) 2.4 4.6 4.7 
Color (Pt-Co units) 536 557 481 
Total Residue (mg/L) 168 145 . 166 
s. s. (mg/l) 
-- -- --
v.s.s. (mg/L) 
-- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDI'EN !AKE SAMPLE DATE: --::3::.L./.:::.20~/..:::.8~S -----
SAMPLE TYPE: GROUNI:WATER 1-UNITORING WELLS OTHEH: -----------
PARAMETER M:mi torinP Well 
1-0.ln 1-0. Sm 1-1. Om 2-0.lm 2-0.Sm 2-1. Om 3-0.lm 3-0. SIT 3-1 . Om 
pH 5.31 5.26 5.21 5.45 5.24 5.37 5.37 S-70 
Spec. Cond ( lJmhOS/CM) 122 110 117 183 127 lSl lSO 317 
Temp. (OC) 19.6 19.7 19.6 19.2 19.3 16.9 18-2 18.S 
-
Diss. 02 {mg/L) 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 
ORP (MV) 8 8 :z 13 -5 -13 18 18 6 
0 Alkalinity (mg/L) 40.8 35.9 35.0 39.8 38.8 52.4 56.3 136.9 
Turbidity (NTU) Ul 
-- -- -- -- -- -- -- --
;po 
Arrrnon i a ( lJQ/ L) 152 147 152 "7' 309 319 337 337 801 
-
Nitrite (lJg/L) 0.6 0.5 0.6 ""ti 0.2 0.3 0.5 0.5 0.5 
Nitrate (-µ9/L) 45 43 78 t""' 69 90 35 35 84 
m Organic-rt ( iig/L) 392 <10 283 452 442 751 642 830 
Diss. 0 • P • ( lJ9/ L ) ""ti 18 40 41 23 24 20 30 38 
p (-µg/L) ~ Total 
-- -- --
-
-- -- -- -- --
Phenol (mg/.L) 
-- -- --
Ul 
-- -- -- -- --
-
TOC (mg/L) m 17.7 18.2 5.7 8.5 13.0 15.6 20.5 18.9 
Oil, Grease (mg/L) 
--
z; 
-- -- ~ -- -- -- -- --
BOD (mg/L) 3.5 2.6 2.5 2.4 1.9 3.7 4.1 7.1 
-
Color (Pt-Co units) 179 136 145 98 167 256 212 148 
Total Residue (mg/L} 124 96 112 137 102 165 143 243 
S.S. (mg/L) 
-- -- -- -- -- -- --
v.s.s. (mg/L) 
-- -- -- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: HIDDEN LAKE SAMPLE DATE: --=3/:..;:;2;.;.0~/8~5 ____ _ 
SAMPLE TYPE: Groundwater Monitoring Wells OTHER: -----------
PARAMETER M:mi tor in£ We 11 
4-0.ln 4-0.5m 4-1.0m 
pH 4.96 4.98 5.15 
Spec. Cond ( µmhos/cm) 102 104 130 
Temr. (oC) 17.3 17.6 17.8 
-
Diss. 02 (mg/L) 0.0 0.0 0.0 
ORP (MV) 
-1 -2 -16 
Alkalinity (mg/l) 18.4 15.5 34.9 
Turbidity (NTU) 
-- -- - -
AfTITlon i a ( µg/ L) 506 733 752 
Nitrite (µg/l) 0.3 0.5 0.5 
Nitrate (µ~/L) 33 18 42 
Organi c-t~ ( µg/L) 1452 1551 1640 
Diss. 0. P. ( µg/ L) 325 365 615 
Total p (µg/l) 
-- -- --
Phenol (mg/L) 
-- -- --
TOC (mg/L) 42.4 41.3 39.7 
Oil, Grease (mg/l) 
-- -- --
BOD (mg/L) 8.2 10.0 7.8 
-
Color (Pt-Co units) 605 566 496 
Total Residue (mg/l) 169 180 188 
s. s. (mg/L) 
-- -- --
V.S.S. (mg/L) 
-- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: _4.:..:..l..;;;;.1~9/_;;.8..;..S ____ _ 
SAMPLE TYPE: Groundwater Monitoring Wells OTHEH: -----------
PARAMETER tt:mi toring Well 
1-1.0r 1-0.Sm 1-1.0m 2-0.lm 2-0.Srn 2-1.0m 3-0.lm 3-0.Sn 3-1.0JT 
pH 5.08 s.rn 5.21 6.2S 5.92 5.0S S.63 S.7( 6.05 
Spec. Cond (lJmhos/cm) 121 104 103 24S 13S 112 
- - -
Temr. (oC) 19.7 19.7 19.9 23.1 21.3 20.6 19.9 19.4 19.4 
-
Diss. 02 (mg/L) 0.0 0.0 1.0 6.9 o.o 0.0 2.4 0.0 0.0 
ORP (MV) 164 149 13S 187 112 64 13S 106 108 
Alkalinity (mg/l) 41.8 36.9 34.0 123 S3.4 36.9 3S.9 37.9 128 
Turbidity (NTU) 2S.O 32.0 140 10.0 s.o 6.0 12.0 10.0 1.S 
Amnonia (\JQ/L) 139 69 39 1281 242 33S 122 277 1327 
Nitrite ( \JQ/L) 0.3 0.3 0.4 6.6 0.1 0.1 0.3 0.3 0.1 
Nitrate (l-19/L) 61 52 58 74 60 SS 67 124 58 
Organic-~ (lJg/l) 61S 142 293 559 512 1203 813 417 332 
Diss. O.P. (iig/l) 24 65 61 33 21 40 33 19 23 
Total p ( \JQ/l) 
- - - - - - - - -
Phenol (mg/L} 
- - - - - - - - -
TOC (mg/L) 
- - - - - - - - -
Oil, Grease {mg/L) 
- - - - - - - - -
BOD (mg/l) 2.5 2.4 2.1 2.3 2.2 2.4 2.2 2.2 2.9 
-
Color (Pt-Co units) 389 235 8S6 148 148 201 282 2S4 160 
Total Residue {mg/L) 180 110 211 322 145 131 179 168 261 
s. s. (mg/L) 
- - - - - - - - -
v.s.s. (mg/L) 
- - - - - - - -
-
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: _...:..41.....:1:..;.9~/8~5-----
SAMPLE TYPE: Grotmdwater ttmi toring Wells OTHER: -----------
PARAMETER Monitorin" Well 
~-0.lrn 4-0.Sm 4-1.0rn 
pH 5.18 5.21 5.36 
Spec. Cond ( µmhos/cm) 92 107 124 
Temp. (OC) 19.4 18.7 19.0 
-
Diss. 02 (mg/L) 0.0 o.o 0.0 
ORP (MV) il.26 147 129 
Alkalinity (mg/L) 20.4 21.4 28.2 
Turbidity (NTU) 7.5 6.7 4.5 
Anmonia {µg/L) 754 1527 1491 
Nitrite (µg/L) 0.4 0.3 0.3 
Nitrate {µQ/L) 18 42 32 
Organic-N {µg/L) 
_266 1006 1464 
Diss. O.P. (\Jg/L) 314 340 396 
Total P ( lJQ/L) 
- - -
Phenol (mg/L) 
- - -
TOC (mg/L) 
- - -
Oil, Grease (mg/L) 
- - -
BOD (mg/L) 3.4 4.0 6.5 
-
Color (Pt-Co units) p43 755 606 
Total Residue (mg/L) l89 192 197 
S.S. (mg/L) 
- - -
V.S.S. (mg/L) 
- - -
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 5/16/85 
---------~~~~~ 
SAMPLE TYPE: Groundwater Monitoring Wells 
PARAMETER Groundwater Samole 
1-0.ln 1-0.Srn 1-1.0rn 2-0.lrn 2-0.Sm 2-1.0rn 3-0.lm 3-0.Sn 3-1. Om 
pH 5.31 5.20 5.43 5.43 5.80 
Spec. Cond (iimhos/cm} 102 99 122 153 334 
Temp. (OC) 22.7 22.0 21. 7 22.0 21.2 
Diss. 02 (mg/L) 0.0 o.o 0.0 o.o 0.0 
ORP (MV) 199 176 151 141 150 
Alkalinity (mg/L) 37.9 36.9 52.4 109 150 
Turbidity (NTU) 12.0 62.0 8.0 15.0 1.8 
AITlllon i a ( iig/ L) 133 116 433 686 1311 
Nitrite (iig/L) ·cs ~ 0 ~ 0.3 0.1 <0.1 1.6 0.6 
I§ ~ ~ ""'-Nitrate (iiQ/L) so 52 ~ 54 ~ 52 69 
~ ;::ic ;;;o ~ Organic-N (lJg/L) 
-
109 187 ~ 597 . 465 <10 
O.P. (iig/L) ~ ' ! Di SS. sa 37 71 ~ 55 29 44 
~ ~ ; Total p (lJg/L) ... 
-- -- -- -- --
Pheno 1 f lJQ/L) 
-- -- -- -- --
TOC (mg/L) 6.9 6.0 15.0 21.3 16.9 
Oil, Grease (mg/L) 
-- -- -- -- --
BOD (mg/L) 1.2 1.2 3.4 1.6 4.6 
Color (Pt-Co units) 90 266 144 256 105 
Total Residue (mg/L} 86.7 120 117 164 263 
s. s. (mg/L) 
-- -- -- -- --
V.S.S. (mg/L) 
-- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 5/16/85 
--------------
SAMPLE TYPE: Grotmdwater .Monitoring Wells OTHER: -----------
PARAMETER Groundwater Samole 
4-0.ln 4-0.Sm 4-1. Om 
pH 5.05 5.24 
Spec. Cond (µmhos/cm) 106 133 
Temp. (oC) 21.1 21.0 
Diss. 02 (mg/L) 0.0 0.0 
ORP (MV) 286 -129 
Alkalinity (mg/L) 26.2 28.2 
Turbidity (NTU) 8.0 7.0 
ArT111onia (µg/L) ~ 1379 1499 
-
Nitrite (µg/L) § 0.4 0.4 
(µg/L) ;;;i;J Nitrate 39 44 ., 
Organic-N (µg/L) l~ 1529 1288 
O.P. (µg/L) ... Diss. ... 431 389 
Total p (µg/L) 
-- --
Phenol f µg/L) 
-- --
TOC (mg/L) 45.5 44.5 
Oil, Grease (mg/L) 
-- --
BOD (mg/L) 8.6 8.6 
Color (Pt-Co units) 596 574 
Total Residue (mg/L) 191 211 
S.S. (mg/L) 
-- --
V. S.S. (mg/L) 
-- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 6/13/85 
~~~~~~~~-
SAMPLE TYPE: Groundwater Monitoring Wells 
PARAMETER Monitoring Well 
1-0.1 1-0.5 1-1.0 2-0.1 2-0.5 2-1.0 3-0.1 3-0.S 3-1.0 
pH 5.06 5.16 5.17 6.16 5.35 5.36 5.22 5.82 
Spec. Cond ( lJmhos I cm) 95 109 105 182 135 148 279 258 
Temp. (OC) 23.8 22.8 22 .s. 26.2 24.4 22.7 23.S 22.2 
Diss. 02 (mg/L) 3.4 0.7 0.8 7.0 1.1 0.5 5.4 1.0 
ORP ( MV) 151 126 120 325 281 163 406 173 
Alkalinity (mg/L) 18.4 36.9 39.8 46.6 33.0 38.8 15.5 97.1 
Turbidity (NTU) 5.3 4.4 8.8 8.8 6.6 4.8 z 1.8 1.2 0 
AntTlonia {µg/L) 38 so 86 70 129 416 ~ ~ 105 1375 
- m 
Nitrite (1Jg/L) 1.0 <0.1 0.1 1.2 2.0 17.8 ~ 1.2 6.2 
v 
Nitrate ( 1JQ/L) 67 31 59 153 122 573 rn 80 198 
Organi c-tl ( 1J9/L) 568 223 156 677 416 372 ~ 804 79 
Diss. O.P. (1Jg/L) 39 80 81 86 34 30 43 28 
Total P ( l-19/L) 
-- -- -- -- -- -- -- --
Phenol f 1Jg/L) 
-- -- -- -- -- -- -- --
TOC (mg/L) 20.3 6.5 6.2 15.2 16.6 17 .o 27.4 21.8 
Oil, Grease (mg/L) 
-- -- -- --
:~- -- -- --
BOD (mg/L) 0.8 0.5 0.9 1.4 1.1 0.9 0.5 0.9 
Color (Pt-Co units) 659 265 805 884 780 352 364 148 
Total Residue (mg/l) 110 83.8 110 161 133 131 273 218 
S.S. (mg/L) 
-- -- -- -- -- -- -- --
v.s.s. (mg/L) 
-- -- -- -- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: 6/13/85. 
~~~~~~~~ 
SAMPLE TYPE: Groundwater Monitoring Wells 
PARAMETER Monitoring Well 
4-0.1 4-0.5 4-1.0 
pH 4.98 5.30 
Spec. Cond (µmhos/crn) 150 145 
Temp. (OC) 22.8 21. 7 
Diss. 02 (mg/l) 2.8 0.8 
ORP (MV) 174 140 
Alkalinity (mg/L) 21.4 37.9 
Turbidity (NTU) 1.5 1.0 
Amnonia (µg/L) ~ 1118 1908 
Nitrite (-µg/L) ~ 6.2 <0.1 
Nitrate (-µ9/L) ~ 300 25 
llJ 
Organic-ti (µg/L) ~ 882 1000 
"'":I 
Diss. O.P. (µg/L} 376 526 
Total P (µg/L) 
-- --
Phenol f µg/L) 
-- --
TOC (mg/L) 38.8 42.9 
Oil, Grease (mg/L) 
-- --
BOD (mg/L). 1.3 2.3 
Color (Pt-Co units) 950 648 
Total Residue (mg/l} 194 212 
S.S. (mg/l) 
-- --
V.S.S. (mg/L) 
-- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: __ 7.._/_11.._/_85 ____ _ 
SAMPLE TYPE: Grotmdwater Monitoring Wells OTHER: -----------
PARAMETER MonitorinQ Well 
1-0.1 1-0.5 1-1.0 2-0.1 2-0.5 2-1.0 3-0.1 3-0.5 3-1.0 
pH 4.99 5.05 5.07 6.12 5.78 5.51 5.18 5.19 5.79 
Spec. Cond (µmhos/cm) 114 110 110 432 171 141 121 134 298 
Temp. (OC) 24.0 23.4 23.3 28.5 28.0 25.8 25.6 24.5 23.1 
Diss. 02 (mg/L) 0.0 0.0 0.0 0.0 0.0 o.o o.o 0.0 0.0 
ORP (MV) 96 89 91 267 253 94 .125 146 73 
Alkalinity (mg/L) 24.3 33.0 35.9 75.7 68.0 54.4 35.0 34.0 120.4 
Turbidity (NTU) 9.8 12.8 35.0 2.4 3.3 3.3 11.6 12.S 1. 7 
Amnonia (1-19/L) 104 107 89 239 205 317 86 115 1385 
Nitrite (µg/L) 3.7 1.1 0.7 14.4 1.5 1.0 2.3 2.3 2.4 
Nitrate (1-19/L) 56 39 55 106 40 44 50 44 48 
Organic-~~ (1-19/L) 320 14 214 367 340 410 732 1127 251 
Diss. O.P. (1-19/L) 61 65 77 12 .25 35 54 42 54 
Total P (1-19/L) 
·- -- -- ·-
...... 
--
-- -- --
Phenol <1-19/L) 
- ... 
-· -- -- --
--
-- -- --
TOC (mg/L) 18.9 5 .. 9 5.3 14.2 15.7 16.0 28.9 32.9 19.3 
Oil, Grease (mg/l) 
--
-- --· --
--
-- -- -- --
BOD (mg/L) 5.1 5.0 s.o 3.6 1.6 1. 7 1.5 1.2 7.4 
-
Color (Pt-Co units) 184 131 281 89 114 149 567 483 97 
Total Residue (mg/L) 256 211 220 238 210 161 149 166 253 
S.S. (mg/L) 
-- -~ -- -·- ·- ·-
--
-- --
v.s.s. (mg/L) 
-- ·- --
.... 
--
... .... 
-- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: __ H_id_d_e_n_Lak_e _ _ SAMPLE DATE: __ 1_11_1_1_ss ____ _ 
SAMPLE TYPE: Groundwater J.t>nitoring Wells OTHER: -----------
PARAMETER Monitoring Well 
4-0.l 4-0.S 4-1.0 
pH 4.39 4.70 4.98 
Spec. Cond {µmhos/cm) 117 124 145 
Temp. (OC) 24.6 23.4 22.7 
Diss. 02 (mg/L) o.o 0.0 0.0 
ORP (MV) 216 133 83 
Alkalinity (mg/L) 13.6 16.5 23.3 
Turbidity (NTU) 3.4 2.6 4.1 
Arrmonia (µg/L) 360 865 1313 
Nitrite (µg/L) 4.0 4.0 2,3 
Nitrate ( µQ/L) 
.c::lO -c;lO -<10 
Organi c-tl ( µg/L) 1882 1680 1292 
Diss. O.P. {µg/L) 318 151 408 
Total p (i.ig/L) 
-· -·· --
Phenol f µg/L) 
--· -- --· 
TOC (mg/L) 68.0 70.3 47.4 
Oil, Grease (mg/L) .... -. 
-- --
BOD {mg/L) 2.0 7.4 12.5 
-Color (Pt-Co units) 964 875 622 
Total Residue (mg/L) 224 213 208 
s. s. (mg/L) 
--
- ... 
--
V.S.S .• {mg/L) 
--
.... 
--
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: _-.:8;;.<./..;i,;.3....,0 /....,,8-.a.5 ____ _ 
SAMPLE TYPE:Gromld»-ater Monitoring Wells OTHEH: -----------
PARAMETER Mon]torino WPll 
1-0.1 1-0.S 1-1.0 2-0.1 2-0.5 2-1.0 ~-0 1 3-n c; 3-1. 0 
pH 4.82 5.03 5.03 S.95 S.89 S.49 5.28 S.26 . 5. 71 
Spec. Cond (µmhos/crrt) 104 119 110 129 116 88 81 99 204 
Temp. {OC) 24.6 24.4 24.2 27.2 27.1 26.0 26.1 25.1 23.9 
Diss. 02 {mg/L) 0.0 0.0 0.0 0.3 0.0 0.0 0.5 0.1 0.0 
ORP {MV) 4S 4S 38 108 81 33 129 102 so 
Alkalinity {mg/L) 22.1 44.2 35.8 76.9 74 .8 48.4 .c17 1 41.1 119 
Turbidity {NTU) 0.8 S.6 15.0 0.9 0.7 1.2 1.8 3.6 1.8 
Arrmonia {µg/L) 24 48 91 301 88 47.4 S4 306 1425 
Nitrite {µg/L) 2.2 0.9 0.9 0.2 0.2 0.6 0.2 0.2 0.3 
Nitrate {µ9/L) 242 S7 so 27 27 32 42 44 42 
Organic-~ (µg/L) . 91S 406 424 <10 366 394 522 754 241 
Diss. O.P. {µg/L) 20 36 36 14 17 35 49 33 23 
Total p (~g/L) 
-·-- --·-- --- --- ---- ---- ---- --- ----
Phenol f µg/L) 
- ---- --- ---- ---- ---- ---- --- ----
TOC {mg/l) 43 2 1Q n 1R 2 11 0 1 1 7 16 4 21 8 J 7 7 1R 2 
Oil, Grease (mg/L) 
--- ---- ---- ---- ---- ---- ---- --- ----
BOD (mg/L) 0.6 0.1 0.4 o.s . o. s 0.9 0.3 0.3 0.6 
Color {Pt-Co units) 544 143 187 94 91 172 288 342 130 
Total Residue {mg/L) 270 175 179 164 149 127 126 155 159 
S.S. {mg/L) --- ---- ----- ---- --·--- ------ ------ ----- ------
v.s.s. (mg/L) 
--- ----- ----- ----- ----- ------ ----- ---- ----
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Take SAMPLE DATE: 8/30/85 
~~~~~~~~ 
SAMPLE TYPE: Grrn1ndwater Mcmitoring Wells 
PARAMETER Monitoring Well 
4-0.1 4-0.5 4-1.0 
pH 4.62 4.78 4.97 
Spec. Cond (µmhos/cm) 78 84 97 
Temp. (oC) 24.6 24.0 23.3 
-
Diss. o2 (mg/L) 0.0 o.o 0.0 
ORP (MV) 59 33 7 
Alkalinity (mg/L) 12.6 21.1 28.4 
Turbidity (NTU) 0.7 1.4 1.3 
Arrmonia {µg/L) 544 1182 1972 
Nitrite (µg/L) <0.1 <0.1 <0.1 
Nitrate ( µ9/L) <10 <10 <10 
Organi c-t~ ( µg/L) 1758 1726 1300 
Diss. O.P. (µg/L) 142 338 451 
Total p (µg/L) 
-- ---- ----
Phenol f µg/L) --- ---- ----
TOC (mg/L) 63. t 64.4 56.2 
Oil, Grease (mg/L) 
---- ---- ----
BOD (mg/L) 0.9 0.5 0.6 
Color (Pt-Co units) 821 877 713 
Total Residue (mg/L) 225 251 246 
S.S. (mg/L) 
--- ---- ----
v.s.s. (mg/L) .--- ----- ----
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake SAMPLE DATE: _..::.1=0 /'-"lMll"'"-/~8 5 _____ _ 
SAMPLE TYPE: Groundwater Monitoring Wells 
PARAMETER Groundwater sample (m) 
1-0.1 1-0.S 1-1.0 2-0.1 2-0.5 2-1.0 3-0.1 3-0.5 3-1.0 
pH 4.99 5.11 5.10 5.94 6.03 5.55 5.27 5.30 5.77 
Spec. Cond (µmhos/cm) 195 129 125 224 204 145 151 163 314 
Temp. (CC) 23.6 23.6 23.6 24.S 24.6 .24.6 23.4 23.3 23.1 
Diss. 02 (mg/L) 0.2 0.1 0.1 0.2 0.1 0.0 0.2 0.1 0.0 
ORP (MV) 
-36 -28 -34 -60 -64 -35 -20 -35 -59 
Alkalinity (mg/L) 29.S 42.1 37.9 90.6 82.1 51.6 56.9 52.7 115 
Turbidity (NTU) 2.2 7.0 4.9 0.5 o.6 1.6 1.8 3.1 1.8 
AITl'llonia (µg/L) 27 143 75 21 113 291 27 374 1534 
Nitrite (itg/L) 0.1 0.1 0.8 0.1 0.1 0.2 0.1 0.1 0.1 
Nitrate (itQ/L) 100 77 66 58 so 56 79 70 75 
Organic-N (llg/L) 549 310 258 312 220 285 427 565 193 
Diss. O.P. ( µg/L) 23 76 32 34 27 37 36 24 36 
Total p (µg/L) 
-- -- -- -- -- -- -- -- --
Phenol f µg/L) 
-- -- -- -- -- -- -- -- --
TOC (mg/L) 11.2 0.7 4 0 1' n , ' 1 ,,,_ , 1fi.4 ?f.. Q 1f.. 7 
Oil, Grease (mg/L) 
-- -- -- -- -- -- -- -- --
BOD (mg/L) 1.0 0.4 .0.0 0.4 1.4 1.3 1.6 0.8 0.8 
Color (Pt-Co units) 568 - 159 192 87 94 168 291 ~t;R 147 
Total Residue (mg/L) 187 136 170 210 141 120 149 160 240 
S.S. (mg/L) 
-- -- -- -- -- -- -- -- --
v.s.s. (mg/L) 
-- -- -- -- -- -- -- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden lake SAMPLE DATE: __ _..10~/~1~J/'--4.l81...1.S __ _ 
SAMPLE TYPE: Groundwater Monitoring Wells OTHER: 
----------~ 
PARAMETER Groundwater Sarnple(m) 
4-0.1 4-0.5 4-1.0 
pH 4.59 4.76 5.02 
Spec. Cond ( µmhos I cm) 94 113 147 
Temp. (OC) 23.4 23.3 23.3 
Diss. 02 (mg/L) 0.4 0.2 0.1 
ORP (MV) 
-52 -76 -77 
Alkalinity (mg/L) 16.8 21.0 32.6 
Turbidity (NTU) 0.6 1.4 1.9 
.~rrmonia (µg/L) 148 1009 1224 
Nitrite (µg/L) <0.1 <0.1 <0.1 
Nitrate (lJQ/L) 31 19 4 
Organic-~ (lJg/L) . 1730 1839 2048 
Diss. O.P. (µg/L) 168 371 495 
Total p (lJg/L) 
-- - -- --
Pheno 1 f iig/L) 
-- -- --
TOC (mg/L) 44.3 54 .5 52.1 
Oil, Grease (mg/L) 
-- -- --
BOD (mg/L) 1.1 1.6 0.8 
Color (Pt-Co units) 917 852 688 
Total Residue (mg/L) 170 181 203 
S.S. (mg/L) 
-- -- --
V.S.S. (mg/L) 
-- -- --
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PHYSICAL CHEMICAL PARAMETERS 
LOCATION: Hidden Lake 
SAMPLE TYPE: Groundwater Monitoring 
Wells 
PARAMETER 
-0.lm 1-0.Sm 
pH 5.08 5.16 
Spec. Cond (iimhos/cri) 193 140 
Temp. (oC) 21.9 22.2 
Diss. Oz (mg/L) 0.3 0.2 
ORP (MV) 
-63 -75 
Alkalinity (mg/L) 31.1 35.8 
Turbidity (NTU) 
-- --
Anrnonia (lJg/L) 114 93 
Nitrite (lJg/L) 1.0 0.2 
Nitrate ( lJQ/L) 29 42 
Organi c-r~ ( l.19/L) 492 28 
Diss. O.P. {lJg/L) 22 21 
Total P (lJg/L) 
-- --
Phenol f lJg/L) 
-- --
TOC {mg/L) 23.7 5.9 
Oil, Grease {mg/L) 
-- --
BOD (mg/l) 1.2 1.1 
Color (Pt-Co units) 208 181 
Total Residue (mg/L) 160 221 
s. s. (mg/L) 
-- --
v.s.s. (mg/L) 
-- --
1-1.0m 
5.14 
144 
22.7 
0.1 
-83 
37.0 
--
54 
0.5 
40 
67 
45 
--
--
4.4 
1.9 
140 
211 
--
--
SAMPLE DATE: ---=1~1/_.1;..;;;.2'-"/8~5---
OTHER: -----------
Gr01.mdwater Samnle 
2-0.lm 2-0.Sm 2-1.0m 3-0.lm 3-0. Sn 
6.10 6.12 572 s _ c;o 5.37 
180 177 138 , 10 145 
22.S 21. 7 22.2 n _o 20.8 
0.2 0.2 0.2 0.3 0.1 
-89 -91 -87 -86 -83 
56.3 60.2 31.6 31.6 33.8 
-- -- -- -- --
84 105 275 <10 353 
0.2 0.3 0.7 o_~ 0.3 
23 12 32 c;c; 58 
401 360 392 540 616 
15 24 24 32 21 
-- -- -- -- --
-- -- -- -- --
18.0 17.0 6.1 19.2 24 .3 
-- -- -- -- --
1.0 0.8 1.2 0.8 1.5 
183 130 159 210 146 
226 300 171 102 191 
-- -- -- -- --
-- --
-- -- --
3-1.0n 
5.82 
346 
21.4 
0.1 
-85 
121 
--
1421 
0.9 
30 
215 
24 
--
--
19.2 
--
1.0 
87 
230 
--
--
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PHYSICAL CHEMICAL PARAMETERS 
LO CATI ON: _...JHwi~d~de~n~La~k=e;.__ _ 
SAMPLE TYPE: Grougqrrsiter Monitoring 
Wells 
PARAMETER 
4-0 .ln 4-0.Srn 
pH 4. 74 4. 77 
Spec. Cond ( lJmhos/crn) 84 95 
Temp. c0 c) 20.8 21.0 
-
Diss. o2 (mg/L) 0.0 o.o 
ORP (MV) 
-133 -130 
Alkalinity (mg/L) 0.1 0.2 
Turbidity (NTU) 
-- --
Anmonia (lJQ/L) 99 1092 
Nitrite (-µg/L) 0.2 0.6 
Nitrate (-µ9/L) <10 <10 
Organic-N (1Jg/L) 992 665 
Diss. O.P. (lJQ/L) 81 271 
Tota 1 P ( -µg/L) 
-- --
Pheno 1 f -µg/L) 
-- --
TOC (mg/L) 33.8 39.9 
Oil, Grease (mg/L) 
-- --
BOD (mg/L) 1.1 1.6 
Color (Pt-Co units) 426 591 
Total Residue (mg/L) 132 132 
s. s. (mg/L) 
-- --
V. S.S. (mg/L) 
-- --
SAMPLE DATE: __ _....;:1::;.;:1~/.:.:12::L/..:;.8.;;..S __ _ 
OTHER: -----------
4-1.0rn 
5.03 
138 
21.8 
0.0 
-120 
28.4 
--
2003 
0.6 
12 
996 
499 
--
--
50.6 
--
1.0 
514 
220 
--
--
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